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PREFACE. 


number of curious facts, which hail not hitherto been 
collected, and |nany of which have never appeared in 
any English work. In this new edition, various addi> 
tions and imfurovements have been made, and an addi- 

•a 

tional Chapter has been added on Practical Astro¬ 
nomy. 


Edinburgh^ February 1, 1821. 



PREFACE 


OF 

THE EDITOR. 


In presenting to the Public a new and enlarged edi* 
tion of Ferguson*8 Astronomy, the Editor has been 
particularly solicitous to collect all the discoveries in 
the science which have been made during the last 
thirty years, and to present them in a simple and un¬ 
assuming form suited to the popular nature of the 
original work. These discoveries, which nre oontam- 
Id in Twelve supplementary Chapters, relate chiefly 
to*the physical constitution of the Old and New 
Planets of the Solar System, and to the various and 
Wonderful phenomena which are displayed in the re¬ 


gion of the Fixed Stars. 

In accomplishing this task, the Editor can claim no 

* • 

oth^r merit but that of having brought together a 

aS 
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CHAP. XXII. 

t 

A nESCBXPTlOK OF THE ASTEOKOMXffAL MACHXNBXr, aEBTljlFCI 
TO EX PL AIK AND ILLViTEATE TNE FOESOOlNO PAXT OF 
THIH TBK^TISE. 

* % 

379. Xhf Obreey. This madiine tbewu the mo- 2^ 
lions ui* the Sun, Mercuiy, Venus, Earth, And Fawt ^^jw . 
Aloon ; and occasionally the superior fdanets, Max% Om*y. 
Jupiter, and Saturtx^ may Ifte put on; Jupker's four satellites 
arc moved round him iti their proper times a ntaall winch ; 

and Satum^has his five satellites, and the rii^ wludh keeps hie 
imrallelism round the Sun; and by a lamp put in die Sun's place, 
the ring shews all the phasea described in the 2%Mh article. 

In the centre. No. J, represents the Suti, sup- 
ported by its aria indifdx^ almost fi degrees from 
the axis of the echpcic) and turning Tound in 25^ days on its 
axis, of whirii the norili pols radHnes towarda the 8th degree 
of Pisces in (he yen eefiptic (No. PI), whereoft.gnnyiiir 
the months and days are engrayen ov«r the signs 
and degrees in whi^ the Snn appeerA, as seen firom ^ Bacd^ 
on the difierent days of the year. 

Tl|e nearem j^aaet (No. S) to die sun i» M«r- . 

cury, Vbicb goan found hild in 87 dnys 29 hdtirs, 
or'''87|| diwaal rotarimis of the Eari^; but km no amtimi 
round its Axis in die machine^ beiatnse the time af its diumil 
motion huhA heavens is net ktiown to us. 


VOL. XI. 


s 
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Vmm. * planet in <irder is Venus (No. 3), whic 

pflxiGbiiaiNI W annual course in S2Jf days ]7 hours 
and tuma mund axis hi 24 days 8 hoars, or in 24^ diur¬ 
nal nytalliaB of Her axis inclines degrees frox 

t&a Itia of thaand her norUi pole inclines towards the 
SOtii degree of Aquarius, according to die obiiervations of Biuii- 
dani. Sie riiews all the {dienomena deBcrilK>d from the 30tli 
to the 44th article cf Chap. 1. 

TbcEuth. without the orbit of Venus is the Enith 

(No. 4), which turns round its axis, to m>\ fixed 

pouit Id a great dishoioe, in 23 hours 5C niiuuU^ 4 sc<*oiui' 

of mean solar time (§ 221, et 4ieq.)y but from the Sun to tiu 

8un again in 24 hoars of the same time. No. 3 is a s\ 

diliUpIate under the Earth; and No. 7 a solar diul-plate.on the 

cover of die machine. The index of the former shews stile- 

• 

and d the latter stdar dine; and hence the former iniK>\ 
gidna one endre revolution on die latter e\cry year, as 365 si>l.i 
or nalural days (xmtain 366 sydereal days, or apjuirent retohi- 
tkins of the stars. In the time dial the l^arth makes iKio; 
'dhufoal rotadetns on its axis, it goes rmce round tlu' isiin in tlie 
plane of the eclipdc, and always keeps opfiosite to a mot mg 
index (No. 10^, which shews the Sun's apparent daily cluuige 
of plac^ and also the days of die months. 

The Earth is half covered with a black ca]\ fo. 
dividing’'the apparently enlightened half next the 


i)m ciuqip'sf giiti from the other half, which, when turned awa\ 
^"**”*' from him, is in thedarkv The edge erf" the caji re¬ 
presents the ri^le bounding lig^t and darkness, ahd shews 
nt 4duit time the Sun rises mid sets to all places throughout 
the year. The Earths axis inoltnes 28 | degrees fnmi the avis 
of the edipde, die north pole inclines towards die begimitug oi 
Cancer, and keeps its parallelism throughout its annual course 
(§48, ^02); m diet in sutnmor the northern'parts of die 
iujline towards the Sun, and in winter from him: by 
whidi^maabs the diderent lengths of days and nights, and tlu 
eCttNie of die various seasons, are demonstrated to right. 

There is a btoad horizon, to die upper ride ot 
which is fixed a meridian semicirole in the north 
^ ><’0^ pcnnes, graduated on both rides fiom the 
^ horizon to 00^ in the zemth, or verdeai point. The 

edge of the horixqn is graduated from the east and west to the 
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MHitli and north points, and within these divisions are the 
point't of the* compass. From the lower side of this tiiin hori- 
, xoii-])late stand out four small wires, to which is fixed a twi* 
ii^ht circle 18 di^ees from graduated of the hocufoa 
all round. This honzon may be put upon ths Karth (when 
the ca.p is taken away), and rectified to the ladtode of any 
place : and then, by a smaQ wire called the ^ar ray, which 
nia\ be put on so os to pn>ceed directly from the Sun's centre 
towards the Earth's, but to comn no farther than almost to 
toiuh the hori/on, the bc|pnniug of twilight, tipic of sun- 
risingy with his amjfiitude, meridian altitude, time of setting, 
amplitude then, and end of twilight, are shewn for every day 
of the year at that place to which the'horizmi is reeti^ed. 

The iVfoon (No. 6) goes round the Earth, from 
iH'tween it and any nxed point at a great distance, 
ill 27 days 7 hours 43 minutes, or through all the signs and 
degri>es of her orbit, whidi is called Aer periadkai revduHon; 
but hhe goes round from tjhe Sun to the Sun again, or from 
""I'hange to change, in 29 days 12 hours 45 minutes, which is 
hir ffymulhal revolvttan; and in that time she exhibits all the 
pluises already described, § 255. 

When the above-mentioned horizon is reedfied to Tho Omry 
the latitude of any given place, the times of the. ^ 
Moon's rising and setting, togvtlicr with her aanpli. iagaadietl 
tilde, are shewn to that place, as wjeil as the Sun's; ^ 
and all the various phenomena of the harvest Moon (§ jjtTS, d 
n‘g.), are macle obvious to sight 

The Moon's orbit (No. 9) is inclined to mj iwf uA- 

liptic (No. 11), onc-ludf being abovci and the other mda nA 
lieloi^ It. The nodes, or pi^ts at 0 and 0, lie in 
. the plum* of the ecliptic, as deseribod § 317, 318, 
and diifi backward** tbroug^ all its sig^ and degrees in i8§ 
>ear8. The degrees of tha Mecn'ii ht^nda, to the hii^beitt at 
A'A, north latitude, and lowest at S dL, south latitude, aar 
^ engraven both ways from Iver nodes at 0 and <0 ; and, as tl}e 
Miioii rises and fails in her orbit aoodlh^ng to its hidlination, 
ber^atitude and distance frmn her nodas are diewn every 
day having fitst rectified her m'bit, so as to set the nodes to 
fteir ^per places in the ediplic, and then, as they ocUne ai>out 
at different, and alibost oppealte .times of tifie yeac (§ 319^i. 
and point twice towards the Sun, ali^ the eclipses may ka 
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for hundreds of years (without any new rpctificaliou), hy turn¬ 
ing the machinery bockvinrcl for time paM, or fornatd for 
time to come. At 17 degree'* distance irom <‘:ioh iuhIc, on 
both sides, is eng|:nved a small sun, and at 12 tK gi\ c-» dis- 
mnd COM*, toiicc a small nuK>n, vhieh shcs^ the of solar 

^ and lunar eclipses (317); and w lie n, at ain <, hange, 
theSonund the Mtxm liiHs heUvvtn either of tlust* suns and 
Moon. nolle, the Isuu will Ije'etlijind on tiu (l..\ 

ed to by tiki annual index (No. 10), and, as the Moon l)>., 
then north dk .<<)uUi latitude, one may cs&il\ judge whethu 
that e<‘1ipse will ho \i'*ib)e in the nnrthi'm or soutliein lunii- 
sjjhere, especially as the Euiilfs axis inelines lov.inl* the Sun, 
Of from him at that time*. And whm, at any tnil, the Moon 
falls between either of the littU nuHnis ,nid tuKlt, sla will he 
eclipsed, and the uimual index shews the d:i\ of that ethp'i 
There is a circle of‘iO 3 cxpial parts (No iS), on the ccoei ol 

the aiaelune, on wlikh an imi<.\ shews the dtiM of the Moon' 

^ * 

A semi-ellipsis ami sena-eircle are fixed to iin- 
elliptical ring, which being ]'ui hke a c.tj) UjH>n 
the Earth, and the forked pari F upon the Moon, 
shews the tides as the Earth turn< round wiilun 
them, and they are led round it by the Mcnai. IVhcn tlie dif¬ 
ferent places come to tlic semi-ellip^b AaEhli, the\ h.uc 
tides of flood; and when they come to the semieirele C Jl />, 
they bi<ve tides of ebb (§ 304, 305); the iinlcx on the Itour- 
circle (No. 7) shewing the times of these }>henomena. 

^«l»othe There is a jointed wire, of wjiieh one end being 
direct and ns put into a hole in the upright stem that holds tin* 
I'knh’s cap, and the wire laid into a small forked 
itatandMff. piece which may lie occasionally put ^upou Venus or 
“'7* Mercury, fcliews thg direct and retrograde motions 

of these two planets, with Uieir stafipnai'y tunes and places, as 
■«ecn from the Earth. 

^he whole machinery' is turned by a .winch .or handle 
(So. 12), and is so easHy moved, that a clock might turn it 
witliout any danger of stt^ing. * t 

To give a plate of the wheel-work of this mwihinc pould 

S no purpose^ because many of the wheels lie so Tiehind 
as to hide them from sight in any view whatsoever. 


Tlic Orrery 
flbevs tjie 
tidm, 

Pl(tte IX. 

tig. 10 ; 
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S9H/ Axothe r Orrery In this machine, which AnothcrOs- 
is the simplest I ever saw,' for shewing the ^urnal 
niul anmud motipns of the Earth, together with the moti^ of* 
motion of the INIcnm and her nodes, A and B are 
Avo oldoug square plates held togetlier by four up- piate VI.* 
rijiht pill.jrs, of v hich three appear at y, and 
2. Umh r the plate A is an emllcss screw on the axis of the 
h M'dte //, which woiks in a wheel fixed on the tamo axis with 
tin (Ioul)le-gH«>\i.d wheel /J; and on the lv>p of this axis is 
fis.i() llu* toothed whe<*l ?J which turns round the pinion A*, on 
til'* lo]> of wh«)'‘e axis is the pinion A 2, wliieh turns*another 
pinu 11 b and tliis turns a third, on the*axis a S, on which 
IS the Kntli 17 turning round; this last axij^ inclining 23] de- 
gu-es. The supporter A" 2, in w hich the" axis of the Earth 
turns, is Ijstcned to the moveable plate C. 

In tlie iiumoseahle plate B, beyond if, is fixed the strong 
wire d, on wliicb hangs the Sun T, so that it may turn round 
the wire, ^'o this Sun is fixed the wire or solar ray Z, whicH 
J[as the Earth f’'turns round its axi"), ])oints to all the places that 
the Sun passes vortieali) over, e%ory day of the year. The 
I'juth IS ha!r-«i\en.d with a black cap a, ar* in the former or- 
lor dl\iding the day from the night; and as the dificrent 
jiku I s come out I’rotn Ik']<»w the edge of the cap, or go in below 
it. tl. V sliew the times of sun-rising and sitting every day of 
tiu \iai. This eup is fjx»xl on the wire i, which has a forked 
juece (' turning round the wired:, and, as the Earth goes 
round the Sun, it cairies the cap, wire, and solar ray round 
him; so tliat the solar ray constantly points towards the Earth’s 
centre, 

C)u the axis of the {Pinion h is the |puon w'hich turns a 
whetl on the coek or sufifKirter w, and on the axis of this wheel 
’ iM arest « is a pinion (hid from view), under the plate C, W'hich 
pillion turns a wheel that carries the Moon E round the Earth 
Kin’s avis rising and falling in the socket >r, which 
is fixed to the triangular piece above Z; and this piece is fixed 
• to the top of the axis of tlie last-mentioned whcx?r. I'he socket 
?r IS slit on the outermost side ; and in this slit the two pins 
nearV^'', fixetf iiithc Moon’s axis, move up and down; ofte of' 
Uiein IV'iug above the inclined plane V Jl, and the other below 
It. By this m^hani.sm, the Moon Vmoves round the Earth T 
in the inelined orbit q, pttndlcl to the plane of the ring JE JCf 
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of wliich the desceading node is at A’', and the ascending node 
opposite to it, but hid by the support^ X S. 

The small a'heel E .turns the large wheels i> and F, of equal 
diameters, by catgut strings crosmng between them: and the 
axes of these two wheels are cranked at G and /T, alwvc the 
plate B, The uprigl^t stems of these cranks going through the 
3[date C, carry it over and over the fixed plate j8, with a motion 
which carries the Earth V round the Sun 7*, keeping the 
Earth's axis always parallel to itself, or i4:ill inclining towards 
the left liand of the plate; and shewing the \ictssitii(U‘s of sea. 
sons, as described in the tenth chapter. As the Earth gots 
round the Sun, die pinion A* goes round the wheel i; for tiie 
axis of h never touches the hxed plate i?, but turns on a w ire 
fixed into the plate C. 

On the top of the crank G n an index /., which gin's round 
tlie drde m S in die time that the Earth goon round the Sun, 
and points to die days of the numth.s; which, together with the 
names of the seasons, arc marked in this circ'le. 

This index has a small grooved w'heel L fixed tijxin it, round 
which, and the plate Z, goes a cat-gut string crossing between 
them; and by this means the Mixm's inclined plarie 1' X^ with 
its nodes, is turned backward, for sliewing the dmes and rctiinis 
of edipses, § fil9, SZQ. 

The following parts of diis machine must be considered a» 
distinct from those already descrilied 

Towards the light hand let iS' be the Earth hung on the wire 
e, which is fixed into the plate B ; and let O be the Moon fixeil 
on the axis M, and turning round within the cap P, in which, 
and in the plate C, the crooked wire Q is fixed. On the axis 
M is also fixed the index A, whidi goe& round a circlq h % 
divided into fSQl equal parts, which are the days of the Moons 
age: Imt, to avoid confusion in the'seheme, it is only marki'd 
with the numeral figures 1 S 3 4, .for the quarters. As the 
enak H carries this moon rotind the Earth iST in the orbit 
idle dbews all her phases by means of the cap Pfor the different 
days of hor ag^ which are shewn by the index JT,* this index, 
taming just as the moon O docs, demonstrates her turning 
raund hOT axis, as she sfill keeps the siUne sidd^towar^t the 
Earth 5, § 262. ' 

At the other end of the plate C, a moon A^jgoes round an 
JBIarth JS in the orlnt p. But this moon's axis is stuck fast into 
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the plate C at S so that neither moon "nor axis can <titrn 
rpund; and, as this moon goes round her Earth, she c^ews 
herself aU round to it; which proves, tliat if the Moon was 
. seen all round frcan t^e Earth in a lunation, she could not Uim 
r^und her axis. 

N. B. If there were only the two wheels D and F, with a 
cat-i>ut string over them, Imt not crosting between them, the 
a\is of the l^arth F would keep its parallelism round the Sim 
'l\ and shew all the seasons, as I sometimes make tliese ma¬ 
chines : and the moon O would go round the earth A’, shewing 
licr phases as alxn’c; as likevvise would the moon N round the 
e.irtli H; but tlicn, neither could the diurnal motion of the 
earth F on its axis be shew'n, nor the niotion of the moon V 
round tlie Earth. 

« 

(199- In the year 1746, I contrived a very simple The Calcu- 
machine, and described its performance in a small 
treatise u)xm the phenomena of the harvest Moon, published in 
the > car 1747. I improied it soon after, by adding another 
wheel, and callwl it Tfu: Caiailator. It may be eaajy made by 
**anv' person who has a mechanical genius. 

Tlic flat ring suppirtcd by twelve pillars, pi,te Vlll. 

and on w hicli the twelve signs, W'iih their respective 
tlfgrees, are laid down, is the ecliptic; pearly in the centre of 
it IS the Sun S, supported by the strong crooked wire I; and 
j’l om the Sun proceeds a wire W, called the Sc^r Ray^ point¬ 
ing uiwards the centre of the Earth J?, which is furnished with 
a moveable horizon/£, together witli a brazen meridian, and 
<]uudraut of altitude. H is a small ecliptic, whose plpie coior 
cidc>s with that of the great one, and Ims tl\c like signs and de¬ 
grees marked upon it. Xt is support^by two wires D and J9!,* 
w hicli are put into the plate P P, but may be taken off at plea- 
• sure. As the Earth goes round the Sun, the signs of this small 
circle keep jiaruliel^ V> themselves, and to thosjie of the great 
ecliptic. When it is taken off, and the solar aa^ PEdrawo fluv. 
llicr out, 80 as almost tb touch the horizon JH, or ,the quadjquat 
r of altitude, tlie horizon b<dng rectified tojuiy given 
latitude, aud the Eartli turned round its axis by 
liand, the point of tlie wire W shews the Sun''s de- 2Se""i5**' 
jclina&on in. passing over Uie graduated brass meri- mut^ mtajk- 
*!ciiau, wd his height at any given time upon the 
fjuadrant of Bltitude> tpg^ther with luf pr 
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«f bearing upon the horusoB at diet time; md likewise 
hie amplitude, a^ time of riiaa^ and setting by the hour in- 
dex, fut any day of the year that the annual index lj[ pmnts to 
in the eirele of months below the Sun. is a solar index, or 
pcdnter, supported by the wire L which is 6xed into the kneb 
K: the use of this index is to shew the Sun's place in the 
eeliptie every day in the year; for it goes over the ugns and de¬ 
grees as the index C gom over the months and days; or rather, 
as they pass under the index U, in moving the co\er plnte with 
the Earth and Its furniture round the Sun; for the index I ' is 
8x0^ tight on the immoveable axis in the /centre of die machine, 
iris a knob or handle for moving the Earth round the Smi, 
and the Moon round the Earth. 

■ad ftbo Ac As the Earth in carried round the Sun, its avis 
■•wn* constantly Keeps the same oblique direction, or is 
parallel to itself, § 48, 202, shewing thereby the difiereiit 
lengths of days and nights at different times of tiie year, with 
all the various aeaauns, j4nd, in one annual revoltitom of the 
Earth, the moon M goes 121 times round it from change to 
It theirt the having an occasional provifuop- for shewing 

lfcan*c her diiierent phases. The lower end oi’ t!:e Moon's 
*****'* axis betfs by a wnall frictioh wheel upon tlu* inclin- 
ad plane T, whidt causes the Moon to rise above, and hink be¬ 
low the ediptic R in every lunation; crosnng it in her nodes, 
which shift badtward through all the dgns and degrees of the 
•aid et^ptic, by the retn^rade motion of the incHn^ plane 7\ 
in 18 years and 225 days. On this plane, the degrees and parts 
at the Moon's north and south latitude are laid down frcmi both 
the nodes, one of whidi, vis. Ute descending node, appears at 
0^ by JV' above ; t||P otiicar node being hid from sight on 
saddie^^ this plane by the plate P Pi and from both nodes, 
MccfdMSitn at proper distances, as in the other orrery, the limits 
asAMooe, of ed^ses are marked, and all the solar and lunar 
fidipsea are si^dm in the same manner, fbr any given year 
idthBl the Umita of 60(X>, eitlier bdbre or after the Christian 
itXE. On the piato that cormti the wheel-work, under die Sun 
and round the knob JT, are astronomical tables, by wlncb the 
■tadbipe may he rectified to the beginning of any ^ven year 
within these hmits, in three or ibur minutes of time; and 
imoe Vt rights nu|f be tnmed badtward for 800 yearn past, or 
fiannurdforaamny tocemm withma sequiniig any npw reoti« 
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ficution. Tlkjre a mcthud for its adding up the 29th of Fe¬ 
bruary tv(*ry fourth year, and allowing only 28 days to that 
month for evefy other three ; but all this being performed ))y a 
•particular tnuiiiier of cutting the tccUi of the wheels, and di- 
villi*'.; the month circle, Uk) long and intricate to be described 
here, I shall only shew how llicsc motions ma^^be perfonned 
near enough Ibr ctnumon use, hv m heels with gnx>ves and cat¬ 
gut strings roiuid them ; only hen* I HStust put the operator in 
mind, that the grooves are to hi* made sharp (not round) bot¬ 
tomed, to keep the strings from slijiping. 

The Moon’s a\is mo%es up and down in the socket fixed 
into the bar (which carries her round the Karth), as she 
rises alMive, or '«inks below the ecliptic: and immediately below 
the inclined plane 7 ', is a flat circular plate (between Fand 
7'), on wliich the different eccentricitic*s <jf tlie Moon's orbit arc 
laid down: and likewise her mean anomaly and elli}>tic equa¬ 
tion', by which her true ])lace may be very nearly found at any 
time.* Below this apigee plate, which shews the anomaly, &c. 
i s q circle Fdivided into ‘291 parts, which are the days of 

the ; and the forked end A of the in- 

dex 2 ), nutv be put into Uie^aiiogee Fig. 2 . 

part of this plate ; theie Ix'itig just such another in- 
dex ])ut into the inclined plane 7'at the ascending ,„otiofi of tli* 
iitxie: and then the curved points H of tliese in- Mood’s apo- 

. • V 1 g*® 

dexes shew tlie direct motion or the apogee, and re^ nodes, her 
trograde motion of the nodes through the ecliptic jR,’ 
with their places in it at any given time. As the 
moon M goes round the Karth E, she shews lier place every 
day in tl:^ ecliptic J 8 , and the lower end of her axis shews her 
latitude and distance from her node 04 the inclined plane 7k 
oIk) her distance from her apogee and perigee, together with 
lier mean anomaly, the tlien eccentricity of her orbit, and her 
elliptic equation, on die apogee plate, and the day of her 
age a the citole Y of 29| equal parts, for every day of the 
year pednted out by the annual index U in the cirde of 
Ihontha. 

Having'rectified the machine the tables fmr the ^ 
beginktng of any year, move the Karth and* Moon (^tion, b1- 
by the kn^ JT, until the annual index 
comes to any given* day of the month; then stop, 
and not <m]y aU the dbove phenomena may^be diewn for that 
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<fo>, Imt al*^», 1)V turniiisr the Kartli miuid.its axis the »ic- 
ciuiutitui, aximuth, ampiitwie, altitu^ of the Moon at any 
hour, and the times of licr rising and aetting, are shewn by the 
horizon, quadrant of alduide, jind hour-index. And in mining 
tile hiaith round the Sun, the days of all the new and 
moons, and oplqisi's in any giien >ear, an* slii>wn. 'J'he phe^ 
noincna of the har\est Mcniii, and those of tlic tide**, h\ siah a 
cap as that in Plate IX, Fig. 10, put upon the li.irlh and 
Moon, togetlior with the sdutioii at’ many {iroblenu not heie 
related, aie made oonspiciious. 

Uethodfif The ea^t'^t, though not the Ik's! wn\, that I laii 
met any mechanical person to make the wheil- 
*of‘ work of such a machine, is as follows: which is tiu 

*ray tliat I made it, before I tliought of numbers exact enough • 
to make it wortli the trouble of cutting teeth in the wluvls. 
iPhteVIll. Fig. t3d of Plate Mil, is a section of this ina. 

Fig. 3. chiiic; m whiiU ZJ is a fiauie of wood hi Id 

logetlwr by four pUlars at the corners, whircof two ajqa'ar .it 
^ C and B D. In the lower phite CD of this frame, arc thicc 
small fricUon wheels, at etpul ilistances fnnii e.ych othji,; two 
of tlieni apiHioringiat c and £. As the frame is *.4VVi«'d roaud, 
these wheels run u|Kin the fixc*d bottom plate KICt Clinch suji- 
|)orts the whole work. 

Ill the centieof this la*>t>nieuUoned plate, is fixed tlie upright 
and on tlie same axis is fixed the wheel Ji IIIIy 
ill w htcU afe four grooves, A <>f different ihametei s 

In these grooves arc cat..cut strings^ round tlic sepa¬ 

rate wheels M, 0, and P. 

Tlie wheel Jl/ is fixed on a solid spindle or axis,^the lower 
liivut i>r w hich turns At *R in the under plate of the moveable 
frmm ABC 1); and on tiie upper end of tins axis is fixed *lhe 
plate oi> (wliich ibPP, under tlie Earth, in Fig. 1), and to 
this plate is fixed, at an angle of! HQ I ile|^ces inclination, the 
. 4 lial plate Ixiiow tlic Earth T; on the axis of whk‘h« ihe index 
ia uimcHl jYiund by Uie Earth. This axis, togethci' with the 
wheel M, and plate oo, keep their parallelism in going rouiid 
flic Sun S. 

* 'On the axis tifthc •^iceLJ/ is a luoveaWe socket, omwhicb 
the small wlieel N is ^(x1, and on tlie end of tl^ iockc;*;^ 

pat on ligli^t (hut so aa it may he oKtaiionaily turned by 
thg bar Z Z» (viz. the bar 0 ia Fig. l)i wluch carrier 
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the Moon m round the Earth 7*, by the socket n, fixed into 
tlie Iku*. As die Moon goes round the Earth, her axis rises 
and falls in the socket n; because, on the lower end of her axis, 
trhici) is turned inward, there is a small friction wheel s running 
on%the inclined plane X (which is T'in fig. 1), and so causes 
the Moon iiltemately to rise aliove and dnk below the little 
-ecli])tic VV {R in Fig 1), in every lunation. 

On the Mwketor hollow axis of the wheel Ny there is another 
socket, on i\hich the wheel 0 is fixed; and the Moon's inclined 
pUiic X is put tightly on die upjwr end of tJiii* .sficket, not on 
;i s(juai(‘, hut on a uunul, that it may be oecosionally set by 
hand s\ itliout wrenching the wIkx'1 of axle. 

T^astly, on the htillow axis of the wheel O i.s another socket, 
on which is fixed the tvIuvI P, and on the u])per end of this 
vHiket is put on tightly the ap>gee plate V (that initnediately 
Iwlow T in Fig- I"). All these axles turn in the upper plate 
<»r the moveable frame at Q; which plate is covered with the 
ihin pirate cc (screwed to it), whereon are the &re-mciitioned 
tables and month circle in Fig. 1. 

Tlil-^middla part of the thick fixed wheel H H Hy is much 
bnmtler tmM^hc rest of it, and comes out between the wheels 
M and O almost to the w’heel N. To adjust the diameters of 
the grtKives of this fixixl wheel to tlie grooves of the separate 
w heels M, N, O, and P, so that they may perform their mo¬ 
tions in dieprofier times, tlie following mcdiod must be observed. 

The groove of the wheel J/, whkh, keeps the pa- 
allelism of the Earth's a\i.s, must be^ppcisely of the adjusting the 
• same diameter as the lower" groove / of die fixed 
wlioel H HH; but, when this groove is so well ad- * 
justed |is to shew, diat in ever so many annual revolutions of 
die Earth, its axis keeps its parallelisin, as may be observed by 
The solar ray W (Fig. 1) always coming precisely to the same 
degree of the small ecliptic R at the end of every annual revo- 
ludoi^ when the index Jf points to the like degnee in the great 
cdipdc; thoi, with the edge of a thin file, give the ^xmve of 
' the wheel M a small rub aU round, and,' by that means lessen¬ 
ing the diameter of the groove, perhaps abrat the SOth part of 
a hair*^ breadth, it will cause the Earth to show the precession 
—equinoxes; which, in many annual revolutions, will be- 
gill to be senriyie, as the Earth's .axis deviates idowly from its 
parallelism, § Xi6, toaierds the antecedent signs the ecliptic. 
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The dliiniofcr of the ‘j;nM)ve of the -wheel iV* -which carri<*s 
the Moon rouiul the Barth, must be to Uie diameter of the 
grtwvo -V, as a luiiatimi is to a year; that is, os to ^ 60 ]. 

The diameter of the groove of the wheel O, wi hicli ttims tJie 
inclmecl plane A** with the .Mooifs nodes 1)aek\^ard, inust^he 
to the diameter of the gnwvc as SO to And, 

Lastly, tl\e diameter of the groove of the wheel which 
carries the lilooiiV apogee forward, must be to the diameter ol“ 
the groove L os 70 to 6*2. 

But, after all this niee mljustnient of tlie gr<K>ves to the pm- 
portiomd times of their resjjeclive wheels turmug round, and 
which set'ins to promise icrv well in thct>rv, there will still he 
found a iiccesj^ty of a farther adjiistiiieiit by hand; because 
proper’allowance must be made for tlie diameters of the cat-gui 
strings; and the gnsives must lx‘ .so adjusted by hand, av, that 
in the time tlie Karth is uiomhI ontv round the Sun, the Moon 
must perform 12 s\norlical re^ohitious round the Karth, and 
Ik> almu.st 11 da\ s old in her lOlh revolution. The ipelineii 
plane, w’ith its n(>des, intent go once round liaekward through 
all tlie sigiLs and degnes of the small ecliptic ii^ 18 npl^ual re- 
volutioas of the Karth, and 22o days mer. Anh* 'Kie ajjogt’c 
plate must go mice rouiui forw^ai'd, so that its index may go 
o\er all the signs and degrees of the small eeiijitie in eight 
years (or .so many annual revolutions of the Earth), and 812 
days over. 

N. B. The string wlii^ goes round the grooves X and N 
for the Mooifs motion,,|ppst cross Intwi'cn thest^ wheels; hut 
all the rest of the strings go in thtiir re»|iective grooves, / 
k Of and Z P, without crossing 

I 

TheCooMta. CoMETAEiUM. Thw curious machine 

nam. i^ews the motion of a comet or eccentric Iwidy mov- 
^1^** *'• ing round the Sun, describing equal areas in equal 
’ times, § 152, and may be so contrived as t<jL.ahew 
siK-b a motion for any degree of eccentricity. It was invented 
by the late Dr. Desogdlim. • . 

The dork elliptical groove round the letters abedcfff 
h % klm is the oiliit of the comet Y: this comet is /hrriecl 
round in the gfoqve, according to the «dcr of letters, Jry*' 
4le wile IK fixed in the 8un $f and slides on the wire as 
it approaches nearer to or recedtNi forthar jfirom the Stoi, bw> 
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• nig nearest of all in the perihelion a, and farthest in the aphe¬ 
lion^. The areas aSb^ bSc^ cSd, &c. or contents of Uiese 
several triangles, fu*e all equal; and in every turn of the winch 
the comet V fs carried over one of these areas : consec|uenil j, 
in nnich time as it moves fromto or from ^ to A, it 
nio\<'s from m to a, or from n to h; and so of the rest, lieing 
fjiiickest oi'all at a,’ and slowest at^. .Thus, the comet’s velocity 
in Its orbit eontiiiually tkH'reases irom thlfperiheliwi a to to the 
ii])!u lion and increases in the same proportion from ff to a. 

'file elliptic iirbit is divided into 12 equal parts or signs, 
V ith their respective degrees, anil so is the cheie n opq r .v f 
uhich rejiresiMits a great •circle in the heavens, and to which the 
comet's motion is referred by a small knob on tlie point <>f llie 
vire \V. Whilst the comet nums froin,/’to ^ in its orbit, it 
appears to move’ only alKuit live degrees in this circle, as is 
i-hevn by the small knob on the end of tliQ wire IF; but in the 
hive time, as the comet moves from w to ff, or from a to A, it 
a)>|K*ars to descrilw the large spiu‘c f7i or no in the heaxens, 
eithw^f which S}iaces contains 120 degrees, or four wgps. 
W ere tfll^cc^trieity of its orbit greater, the greater still wouKI 
l)e the diffelWee c»f its motion, and vur tma. * ^ ^ 

A fi (' DJCFG HI K L MA is a circular orbit for shovxing 
the equal motion of a body round the Sun *S', describing e<|iia} 
areas A H /?, li S C, &c. in equal times with lliose of the htwly 
y in its elliptical orbit above mentioned; but with this dilfer- 
ence, that the circular motion describes the equal arcs A B; B(\ 
icv. in the same ctjual times that the elHptical motion descrihi s 
the unequal arcs a A, 5 r, &c. 

Now, suppose the two bodies l^and 1 to start from the points 
a and A at the same moment of time, and each having gone 
round its respective orbit, to arrive at these {mints again at the 
same instant, the body F iriSI be forwarder in its oriJit than the 
hotly 1 all the way from a to g*, and from A jto G; but 1 will 
l)e forjiuirder than Y through all tlie other half of the orbit; 
.and the difference ia eqiiasl to the equation of the body Y in its 
orbit. At the points % A, and g, 6r, that is, in the perihelion 
and aphelion, they will be equ^; and then the* equation x’a- 
nishes.V This shews why the equatioa of a body moving in ait 
TJftiptic o.*bit,«is fdded to the mean or supposed circular luotion 
from the perihelion to the aphelion, and'subtracted from the 
aphelion to the perihelion, in bodies uumng round the Siui, or 
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from the p^igee to the apogee, and from the ap»a;ce to the 
perigee in the Moon's inodoif round the Earth, aerording to 
the precepts in the S5dd articie; only we are to cousi<lor, that 
when motion is turned into time, it reverses the jiitles in the 
table of the MocnCs ellipiw equation, * 

PUtelV. This motion is perfohncd in the foliating man- 
ner by thejmachine. is a wooden Iwr (in the 

box coaitjuning the wheel-work) alw^e which ,m the wlu>els 7> 
and and below it the elliptic plates l^F and GU, eaili 
plate being fixed on an axis in one of its 1 <km, at K and K, 
and the wheel jE is fixed on the same axis w'itli the ]d.itt* F V 
These^platcs have grooves round their wlgcs jnmsely of etjii.it 
diameters to one another, and in these gixK}ves is tlie e.iu^tn 
string crossing between the plates at h. On II (the 

axis of the handle or winch N in Fig. 4th) is an endless s»mi 
in Fig. Sf working in the whecU and F, whose mtinher of 
teeth lieing each equal to the number of lines « St h S, t *V, 
in Fig. 4, they turn round their axes in ecjual times to one an¬ 
other, and to the motion of the elliptic* plates. For, tlte,j»*rt<rl, 
D and £ hawing equal numbers of teeth, the "‘U 

fixetkon ihc saibe axis with the wht'e) £, and tlu' plate FF 
turning the equally large plate GG by a cat-gut .string lound 
them Imth, they must all go round their axis in as niati\ turns 
of Uie handh* A'' as cither of the w’heels has tt^eth. 

It is easy to see, that the end/c of the elliptical plate F F 
being farUier from its axis E than tire opposite end i it*, inqst 
describe a circle so much the larger in proportion; and must 
tliereCoie niove through so mqch more space in the sam<‘ time ; 
and for that reason the end h moves so much faster than tin* 
end*?, oltlwmgh it goes no sooner round the centre/?. But 
then, the quick moving end h of the plate F F leads alx>ut‘ib(> 
short end H K of the plate G G wilh the sanie* velocity; and 
0 , the riow movmg qnd i of ^hc plate F F coining half round a > 
to Ef must llien lead the long end k of the plate G G astilow ly 
about: so that the elliptical, plate F F and its axis E mo^ 
ninfomdy and eqimlly quick in every port of its revolution; 
but the eirqitfcal plate G £r, together with its axis £>' must 
move very unequally m difoent parts of its revolutic^; the 
.dSilhmioe being oim'ays invenwiy as the dwtance o? any poinftJf 
. the demimferenee of GG from its axis at it; or in other words, 
instance in two ]x>ints, if the distance A* k be four, five, or 
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s'lK times as great as the distance K h, the point h move in 
that {lasition l()ur, five, or six times as fast as the point k do^: 

^ when the plate G G has gone half round ; and so on for any ^ 
other ecccntnctty or difference of the distance K k and if A. 
'I'lie t(M>th i on the plate F F falls in between the two teeth at 
k on the plate G Gy by which means llte revolution of the latter 
is so odjuhUHl to that of tlie fi)nner lliat diey can never vary 
l*njm one another 

On (he tt)p of the axis of the e<jually nun iiig wheel . 

/), in Fig Stli, is the Sun iViu Fig. 1th ; which Sun, 

In the wire Z fixed to it, carries the ball 1 round the circle 
A It (' 1)y htc. witlt an equable motion, accordmg to the order 
of tlu‘ ’otters: and on the top of the axis K of the unequally 
nuning ellipsis G Gy in Fig. 5th, is the Sun *5* in Fig. 4th, 
i<in\iMg the hall Funcipiallv round in the elliptical groove/i h 
c </, 6*c .\. B. Thi's elliptUiil groove must be precisely equal 

iMiil similar to the verge of the plate G G, v\hich is also equal 
to that of F F, 

J’l this manner, machines may be made to shew' the true mo- 
lion o?'^,ie ^i(K)n about the Karth, or of any ])lanet aliout the 
^un , b} making the elliptical plates of the some eccentricities 
in ])ro}K>rtioii to tiie radius, as the orbits of the planets are, 
v\ hose motions they reprehent; and so, their different ec]uations 
ill different jiarts of their orbits may be made plain to si^t: 
and clearer ideas of these motions and equations acquired in 
half an hour, than could be gained frutn reading half a day 
al)out huch motions and equations. 

401. The iMPEovEi) Celestial Globe. On the 
nortlrpole of the axis, above the hcHir-circle, is fixed 
an* arcli M K H 28^ degrees; and at the end if 
is fixed an upright pin Jff Gy whidi stands directly 3 , 
over the north pole of die ecliptic, and perpen- 
clicMlar to that part of the surface of the globe. On this pin 
are two moviidtle collets at and to whidi are fixed the 
cpiadrantal wires N and O, having two little balls on their 
eiKl<t for the Sun and Moon, as in tlie figure. The cdJet i> is 
fixed tp the circular plate F, whereon the 2d| days of the 
Moon's age are engrawen, begiittiing just under the Sun'e wire 
Ni and as this wire ta lUoved round the globe, the plate F 



la IMPEOVCD dbLEBTlAX. 6X.0BS DEtCETBtO. tU* XXTl. 


turns round with it. Tliese wires arc easily turned, if tlie screir 
G lie slackened; aiwl when tliey an? set to their )Vt>per placctii 
the screw sen"e*« toUx them there so, that in turning; the tiail of 
tlie |^ohe» tile wirm with the Sun and Mrxni miiiid with it; 
and these two little lialls rise and set at the same times, and ci(i 
the same points of the horizon, fur the day to 1 ^llU'h they are 
reedfiedf as the Sun and Moon do the heavens 

Because tlie Moon keeps not her coiu-m* hi the liptie (as the 
Sun appears to do) but has a declination of di <;rees on enth 
side from it in every lunation, § «317, hei bnli nun tie scTcwcd 
as many degrees to either suie of tlie »eliptii «s her latitude or 
declinaticm from the ecliptic amounts to at uin gncii time, and 
fmr this purpose S is a Miiall piece of pasteboard, t>f which the 
curved edge at S is to lie set iqjon tlic glolw at light angles to 
the ecliptic, and the dark line o\er S to stand upri«;Kt ii]xm it. 
From this line, pn the convex edge, are drawn the 5l*<lcgm*s 
of the Moon's latitude on both sides of the ecliptic; and when 
this piece is set upright ou the globe, its graduated idge reaelu'S 
to the Moon on the w-ire O, by which means .she is casilvgiJU 
justed to her latitude found by an cphenieris. 

The horizmi is supported by two scmu’ireulur bt‘cnusc‘ 

yiillars w’ould stop the progress of tlie balls when thev go below 
the horizon in an oblique spheie. 


To icctify rectify tkh fj^Uihe. Klevate the jkiIc to the luti- 

thc mpeated tude of the place ; then bring the Sun's plact' in the 
globe. ecliptic for the given*.day to the bra/en meridian, 
and set the haur-index to Xll at luxin, that is, to the u])|)i‘r 
XIi the hour-circlc; keeping the globe in that situation, 


slackej^the screw G, and set the ^un directly over his place 
on thd meridian; whkli done, set tlie Moon's wire under the 


number that esqvressos her age for that day on die plate !P, and 
she will then ataiid over her pdace in tlK? ediptio^ and shew what 
constellation site it in# lastly, fasten the fierew G, and laying 
tlie #ur%ed edge df tbapaatebenpd Server the ediptie helow.the 
Moon, •fdjuet the moon to her latilude over the jgihaduated edge 
of tile land the |^dbe pill beteotified. 

]U«thaa <r Hvdng thus leeiified the giobi^ turn it mtMid,vind 
^ ohaein^^ on whal pouita of hodatm the Sjitf and 
nse add set^ for dteae agree widi the pmtita of the^ 
compgi^loi} which the lilim and Moen liae and «dt in the hea- 
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. vens on the ^ven day: and the hour-index shews the times of 
ihw rising and settitig; and likewise the time the Moon's 
passing over the meridian. 

*“ This simple apparatus shews all the varieties that can happen 
in the rising and setting of the Sun and Moon ; and makes the 
fore-mentioned phenomena of the harvest Moon (Chap xvi), 

• plain to the eye. It is also very useful in reading lectures on 
the globes, because a large company can see the Sun and Moon 
go round, rising almve and setting below the horizon at dilTer- 
ent times, according to the seasons of the year; and making 
their appulsis to different fixed stars. But in the usual way, 
here there is only the places of the Sun and Moon in the 
ecliptic to keep the eye upon, they are easily lost Mght of, un¬ 
less they be covered with patches. 

402. The Planetaky Globes. In this machine, 

T is a terrestrial globe fixed on its axis standing up- ry Globe*, 
right on the pedestal C D on which is an hour- 
circle, having its index fixed on the axis, which turns 
somewhat tightly in the pedestal, so that the globe may not be 
liable tft*,.sliake; to prevent >ihich, the pedestal is about two 
inclu^ thicK/and the axis goes quite through it, bearing on a 
shriulder. 'fhe globe is hung in a gi'aduated brazen meridian, 
much in the usual way ; and the thin plate JV jB, is a moveable 
horizon, graduated round the outer edge, for shewing the bear¬ 
ings and amplitudes of the Sun, Moon, and planets. The bra¬ 
zen meridian is grooved round the outer edge ; and in this 
gr(K)ve is a slender semicircle ol“ brass, the ends of which are 
fixed to the horizon in its north and south points; this soni- 
circle slides in the groove as the horizon is moved in rectifying 
it for different latitudes. To the middle of the semi-circle is 
fixed a pin, which always keeps in the zenith of the horizon, 
’^lid on this pin, the quadrant of altitude q turns; the lower end 
of which, in all positions, touches the horizon as it is moved 
round the same. This quadrant is divided into 90 degrees fit>m ’ 
^thc horizon to the zenithal pin on whirii it is turned, at 90. 
I'he great fiat'circle or plate .d J9 is the ecliptic, on the outer 
edge of whidi the rigns and degrees are laid down; and every 
fifth degree is drawn through the rest of the surface of this 
plate towards its centre. On this plate are seven grobves, to 
which seven little balls are adjusted by sliding wires, So that 
they hfe easily moved in the grooves, without danger of start- 
/ VOL. ir. c 
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ing out of them. The ball next the teirestrkil globe is the 
Moon, the next without it is Mercury, the next Venus, the next 
the Sun, then Mars, then Jupiter, and lastly Saturn; and in 
order to know them, they are separately stamped with the fol¬ 
low^ characters: 5, $» 0» dW h- This plate or eel p- 

tic is supported by four strong wires, having their lower ends 
fixed into the pedestal, at C, and K, the fourth being hid 
by the globe. The ecliptic is inclined 23| degrees to the fiedcs- 
tal, and is then. Sore projjerly inclined to the axis of the globe 
which stands upright on the pedestal. 

, To reUffif this machine. Set this Sun, and all the 

xvctifying planetary balls, to their geocentnc places in the 
4ic Planet, ecliptic foT any gi\ en time, by an ephemeris. then 
set the north |K>int of the hori/on to the latitude of 
your place on the brazen meridian, and the quadrant of altitude 
to the south point of the horizon , w hich doni‘, turn the glolie 
with its furniture till the quadrant of altitude comes right against 
the Sun, viz. to his place in the eclqitic , and keeping it there, 
set the hour index to the XII next the letter C; and the ina- 
chine will be rectified, not only for the following probio’iis, but 
for several others, which the artist may easily findvriit 


PeoBi. I. — To Jlnd the Ampliiudes, JMiridian Altitude^t, and 
Hmesc^Rinng, Ctdmmaimg^ and Settings of the Sun., Mtxytiy 
and Planets. 


To find the Tum the globe round eastward, or according to 
an,, the order of the .signs; and as the eastern edge of 
tjje horizon comes right against the Sun, Mpon, or 
lag, ud let* any planet, the hour index will shew the time of its 
rising; and the inner edge of die echpUc will cut hs 
rising amplitude in the horizon. I'um on, and as 
' tile quadrant of altitude comes right against the Sun, Mwn, or 
planets, the edipUc cuts their meridian altitudes in the (]ua- 
drant, and the hodr index shews the time of their coining to the 
meridian. Continue turning, and as the wrestem edge pf the 
horizon comes right against the Sun, Moon, or planets, their 
oettiag amplitudes are cut in the horizon by the ecliptic; gnd 
the times of their setting are shewn by the index on the hour 
otde. 
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Peob. II. —To find the Altitude and Azimuth (fithe Sun, J^foOn, 
, and Planets, at any time of their being above Ibe Horhsm. 


'I’urn the globe till the ind«x comes to the ^ven 


To find tha 


time in the hour circle; then keep the globe steady, latitude and 
and moving the quadrant nf altitude to each planet 
respectively, the edge of the ecliptic will cut the pla- * ** 
net's mean altitude on the quadrant, and the quadrant will cut 
the planet's azimuth, or point of bearing, on the horizon. 


Peob. III. — The Sun's Altitude being given at any time either 

h^re or after Noon, to find the Hour of the Day, and the 

Variation of the Compass, in any known Latitude. 

With tine hand hold the edge of the quadrant 
right against the Sun, and, with the other hand, 
turn the glolie westward, if it be in the forenoon, or day, and the 
eastward, if it be in the afternoon, until the Sun’s 
place at ihl inner edgi* of the ecliptic cuts the qua- 
<irant in the Sun's observt'd altitude; and then the hour index 
will pnnt out the time of the day, and the quadrant will cut 
the true a/.inuith, or bearing of the Sun for that time: the dif¬ 
ference between which, and the bearing shew'ii by the azimuth 
compass, show's the variation of the compass in that place of the 
Eortli. 

403. TbeTRAJECTOBiuMLuNABE. This machine 
IS for dt^liiieating the paths of the Earth and Moon, toriom Iau 
shewiing what sort of curves tliey make in the ethe- 
Telil regions ; and was just mentioned in the 266th ^ * 

article. S is the Sun, mid E the Earth, whose cen¬ 
tres are 81 inches distant fmm cAch other { every inch answer¬ 
ing to a million of miles, § 47. M \& the Moon, whose centre 
'^is parts of an inch from the Earthy’s in this machine, |his 
being jn just proportion to the Moon's distance from the Earth, 
§ 62. A A is a. bar of wood, to be moved by hand round tlie 
aril g, which is fixed in the wheel Y. I'he circumferenoe of 
this wheel is to the circumfierence of the small wheel L (belov 
the Other end of tlie bar) as 365] days is to 29|; or as a year 
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is to a lunattoD. The wheels are grooved round thdir edges, 
and in the grooves is the cat>gut string G G ovosong between 
the wheels at X. On the axis of the wheel L is the inilex 
in which is fixed the Moon's axis M for carrying her round the 
Earth E (fixed on the axis of the jvheel L) in the time tliat the 
index goes round a circle of equal parts, which are the days 
of the Moon's age. The wltoei Y has the months and days of 
the year ail round its limb; and in the bar A A h fixed the 
index /, which points out tlio da\ s of the months answering to 
the days of the Moon’s age, ^ewn by the index F, in the circle 
of equal parts at the other end of the bar. On the axis of 
the wheel L is put the piece IJ, below Uie cock C, in winch this 
axis turns round; and in D are put the pencils c and r/i, di¬ 
rectly under the Earth E and Moon Af . so that m is earned 
round a, as Jf is round E. 

Msttsdof the machine on an e\en floor, pressing gently 

**• (Ml the wheel K, to caust> its R})ikt*d feet (of which 
two appear at P and P, the third iKMiig supposed to lx* hid 
from sight by the wheel) enter e little into the floor to secure 
the wheel from turning. Then lay a paper alniul four/*et long 
under the pencils e and cross-wat s to the bar: vhieh done, 
move the bar slowly round the axis g of the wheel F; and, as 
the Earth E goes round the Siin tS', the Moon M will go round 
the Earth wnth a duly proportioned velocity ; anti the friction 
wheel W running on the floor will ket'p the bar from beanng 
too heavily on the ptmcils e and wbich will delineate the 
paths of the Earth and Moon, as in Fig. 2d, already described 
nt large in § 266, 267. As the index I points out the days of 
the months, the index F shews the Mexm's age on these days, in 
the circle of 293 equal parts. And os this last index points to 
the difierent days in its circle, the like numeral figures may be 
set to those parts of the curves of the Earth's path and Moon's, 
where the pencil e and m are at those tinicb re.spectively, to shew 
the places of the Earth and Moon a If the pencil e be pushed a 
very little off, as if from the pencil m, to about part of their 
distance, and the pencil m piuhed as much towards c to biriu^ 
them to t})e same distance again, though not tp the same points 
of space; then, as m goes round c, e will go as it were round 
the centre of gravity l^tween the Eartli e and M(x>n m, § 29^: 
out this motion will not.sensibly alter tha figure of the Earth's 
|Kth or the Moon's. 
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If a pin, as be put through the pencil m, with its head to- 
wards that of the pin q in the pencil its head will always keep 
thereto as m goes round e, or as the same side of the Moon is 
j^till turned to the Earth. But the pin p, which may be ootiai* 
den?d as an equatoreal diameter of the Moon, will turn quite 
round the point m, making all possible angles with the line of 
• Its progress, or line of the Moon's path. This is an ocular proof 
•of the Moon's turning round her axis. » 


40 k The Tidi -DIAL The outside parts of this 
machine consist of—1, Aif eight-sided box, on the 
top of M hu h, at the corners, is shewn the phases of IX. 
the ]Moon at the octants, quarters, and full. Within 
those IS a circle of 2 O 3 equal part.s, which arc the days of die 
Moon's ago rockfiiiod from the Sun at new moon, round to the 
Sun again. "IVithin this circle is one^of 24 hours divided into 
their rt'spectice halves and quarters. 2, A moving elliptical 
plate, painted blue, to rejiresent the rising of the tides under 
and opposite to the M(X)n; and has the words, high waiery 
tide Jailing^ /oao waier^ tide risings marked upon it. To one 
end of this plate is fixed the Moon M by the wire W, and goes 
along with it. S, Above this elliptical plate is a round one, 
with the polnt^ of the compass upon it, and also the miraes of 
above 200 places in the large machine (but only 82 in the fi¬ 
gure, to a\oid confu-sion) set o\er those points on which the 
Moon beai's w hen she raises the tides to the greatest height at 
these places twice in every lunar day: and to the north and 
south points of this plate are fixed two indexes / and JT, which 


shew the times of high-water, in the hour circle, at all these 
places. • 4, Below the elliptical plate are four .small plates, two 
of which project out from below its ends at new^nd full moon: 

so, by lengthening the ellipse, shew the spring tides, which 
are then raised to the greatest heights by the united attnu^ns 


__^of diP'Siun and M 6 on, § 802 The ^her two of Method 
jrhese small plates appear at low water when the wngAe 
ino^ is in her quadratures, or at the sides of the el- 
liptic plate, to diew the neap-tides; the Sun and Moon then 
acting cross-ways to each other. When any two of these sidall 
plates appear, the other two are hid; and when the Moon is in 
her octants, they all disappear, there being neither spring nor 
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neap tides at th^ times. Within the box are ifew wheels for 
performing these motions by the handle or winch ff.. 

Turn the handle until the Moon JW comes to any given day 
of her age in the circle of equal parts, and the Moon's wir< 
W will cut the time of her coming to the meridian on that day, 
in the hour circle, the XII under the Sun being mid-day, and 
the opposite Xll midnight; then looking for the name of an^ 
giHn place on the round plate ('vvhich makes rotations 
whilst the Moon M makes oni} one revolution from the Sun to 
the Sun again) turn the handle till Outt plara comes to the hokI 
high tmier under the Moon, and tffc index which falls among 
die forenoon hours ill %hew the time of high water at tliat 
place in the forenoon of the given day: then turn the plate 
lialf round, till the same place comes to the opjKisite high vatti 
mark, and the index iiiU shoiv the time of high water in tlu> 
ademoon at that place And thus, as all the diHerent places 
come succcssivelv under and oppoMte to the Moon, the indexes 
show the times of high water at them in both pans of the day 
and when the same places come to the ion Muter marks, the 
indexes show the times of low watei h’or about llire<‘ dais 
before and aftei the times of n(‘w and full nuMin, the two small 
plates come out a little wa\ fiont below the high water niark'^ 
on the elliptical plate, to show that the tides use ^till Inirhei 
about these times: and about the quarters, the othur two jiiates 
come out a little fnini under the low water iiiuiks towards the 
Sun and on the opposite side, shewing that the tides ot flood 
rise not theif so high, nor do the tides ui ebb tali so low, as at 
oilier times. 

By pulling the handle a little w^iv outward, it is disengugetl 
from the wheel-work, and then the upjier plate inn_\ he turned 
round quickly hy hand, so that the Moon may be brouglit to 
any given day of her age in about a quarter of a minute * and by 
pusUng in the handle, it takes hedd of the wheel-work again. 
The *^® handle if, is an nndlesa 

woikdcsoib- screw C, which tumtthe wheel FED of 24 teeth 
Plate IX. round in 24 rdroltitionB of the handle; this wfvel 

Fig. 8. turns another, ONO^ cS 48 teeth, and on 4t8 axis 
is the fnnion PQ of four leaves, whidi turns the wheel LKI 
iji 59 teeth round in 29^ turnings or rotations of the wheel 
PEDjhr in 708 revolutions of the handle, which is the num- 
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ber of hours in a synodical revolution of the Moon. The round 
plate with the names of places upon it is fixed on the axis of 
the wheel FED; and the elliptical or tide-plate with the moon 
•fixed to it is upon the axis of the wheel LKI; cop^cjuent|y# 
^ th^ former makes 29 j revolutions in the time that the latter 
makes one. The whole wheel F E /), with the endless screw 
C, and dotted part of the axis of the handle A i?, together with 
the dotted part of the wheel ONG, lie hid below tl;e large 
uheel LKL 

Fig. 9th represents the under side of the elliptical f)e,criptum 
or tide-plate abed, with the four small plates of ibe dial- 
AttCD, EFGH, lELM, XOFQ, upon it: 
each of which has two slits, as TJ\ S R Ry U U, sliding on 
two pins, as w « fixed in the elliptical plate. In the four small 
plates are fixed four pins, at F, and Z; all of which 

work in an elliptic groove oooo on the cover of the box below 
the elliptical jjlate; the longest axis of this groove being in a 
right line with the sun and full moon. Consequently, when 
the Moon is in conjunction or opposition, the pins W and X 
thrust out the plates A B CD and IKLM a little beyond the 
ends of the elliptic plate at d and A, toyand e; whilst the pins 
Y and Z draw in the plates E FGII and XOPQ, quite un¬ 
der the elliptic plate to ff and h. But, when the Moon comes 
to her fiist or third quarter, the elliptic plate lies across the 
fixed cllipiie groo\t‘ in wliich the pms work; and therefore the 
end plates ABCE and IKLM are drawn in below the great 
plate, and the otJier two plates EFGH and NOPQ are thrust 
out lieyoiid it lo u and i. When the ^loon is in her octants, the 
pins I', X, V, Z, are in the parts o, o, o, o, of the elliptic groove, 
whieh j:)arts are at a mean between the greatest and least dis¬ 
tances from die centre q, and then all the four small plates dis¬ 
appear below the great one. ^ 

405; The F.i lipsarfon. This piece of mecha- 
niira exhibits the time, quantity, duration, and pro- 
^ess of solar eclipses, at all pm-ts of the Earth. 

prinsipal parts of tliis machine are, 1, A terrestrial 
globe A turned round its B by the handle or winch 
the axis B inclines 23§ degrees, and has an index which 
goes round the hour-circle D in each rotation of the globe. 
2, iV circular plate E^ on the limb of which the months 
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and days of the year are inseiled. This plate supporto the 
gldlie, and its axis the same j^itioa to the Sun, or 

to a candle properly placed, that the Earth^s axis has to the 
Sub upon^my day of the year, § S 88 , by turning the plate till 
the givoi day of the month comes to the fixed pointer, or i|n- 
nual index G> S, A crooked wire F, which points towards the 
mi|)dle of the £arth'’s enlightened disc at all times, and shews 
to what place of the Earth the Sun is vertical at any given 
time. 4, A penumbra, or thin circular plate of brass / disidcd 
into IS digits by IS concentnc circles, which represent a sec¬ 
tion of the Moon''s penumbra, and is yiroportioned to the size 
of the globe; so that the shadow' of this plate, formed by the 
Sun, or a candle placed at a convenient distance, with its rays 
trannnitted tlirough a convex lens to make them fall parallel 
on the globe, wvers exactly all those places u{)on it that the 
Moon's sliadow and penumbra do on the Earth so that thi^ 
phenomena of any solar eclipse inav be shewn In this machine 
with candle-light almost as well ns b> the light ot the Sun o. 
An upright frame HHH on the sides of which aie scales 
of the Moon's latitude or declination from the ecliptic To 
these scales are fitted two sliders K and A', with indexes foi 
adjusting the penumbia's tx litre to the Mtion's latitude, accord¬ 
ing as it is north or south, ascending or descending 6 , A so¬ 
lar horizon C, dividing the enlightened hemispluu of theglobt 
from that which is in the dark at aiiv given time, and shewing 
at what places the general eclipse begins and ends with the 
riaing or setting Sun 7, A handle J/, which turns the globe 
round its Rxis by .wheel-work, and at the same time moves the 
penumbra across the fiame bv threads over the pullies, A. A, A, 
with a velocity dul^ proportioned to that of the Moon's sjiadow 
over the Earth, as the Earth tuins on its axis. And os the 
Mood's motion is quicker or slower, according to her difiereirt 
distances from the Earth, the penumbral motion is easily regu¬ 
lated in the machine by changing one of the pulhasr 
"Teawtuyihe ^6* ^0 reci^y the mexhtne j/br use. The true 
time of new Moon and her latitude being knowii^ 
the foregoing precepts, § 353, ei wq. if her latitude ea^fx>eds 
the number of minutes or divbioua on the scales (which are on 
Bide of the frame hid from view in the figure of the ma- 
there can be no eclipse the Sun at that conjunction; 
it does not, the Sun will be eclipsed to some pla^«^s of 
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the Earth; and, to shew the times and various appearance of 
the eclipse at thoi»e places, proceed in order as follows. 

407. To rectify the rnxu:hm£Jbr pmrfbrmvng hy 
of the Sun. 1, Move the sliders K K tiU their 
* inj^oxes point to the Moon’s latitude on the scales, as 
It IS nortli or south ascending or descending, at that 
time. 2, Turn the month-plate E till the da 3 r of tlie given 
new moon comes to the annual index G. 8, Unscrew the col¬ 
lar iV a little on the axis of the handle, to loosen the contigu¬ 
ous socket on which the threads that move the penumbra are 
wound; and set the penumbra by hand till’its centre comes to 
the ])er|Hndicuiar thread in the middle of the frame; \^hlch 
tliread represents the axis of the ecliptic. 4,* Turn the handle 
till the meridian of London on the globe comes just under P, 
the iKJiin of tlie crooked wire Fi then stop, and turn the hour- 
circle I) In hand till XII at noon comes to its index, and set 
the |)enumbr.i\ middle to the thread. 5, Turn the handle till 
the hour-index points to tlie time of new moon m the circle D; 
and hoUIiug it there, screw fast the collar N. Lastly, Elevate 
the nmdiine till the Sun shines through the sight holes in the 
small ujiright plates, d, O, on the pedest^; and the whole ma- 
cliine will be rectitietl 

1-08. To ) ciiifif the mat him’ for .shcu'htff by (findlc- 

I 1 *jo f cctifv Cnc* 

n^/iL rrocuccl in e\crv icspivt ab abo\e, except m Echpweon 
that ])nrt of the last paragra})!] where the Sun is 
mentioned; instead of which ])kice a candle before 
the nuichine, alxiut four yards fumi it, so as the shadow’ of in¬ 
tersection of the cross thi'eads m the middle of the frame may 
lall prccist ly on that part of the globe below P the point of tlie 
crookt;d wire: then, with a pair of compasses, take the distance 
between the penumbra's centre and intci section of the threads; 
iftid equal to that distance set the candle higher or lower, as 
the jieiumibra’s centre is above or below' the said intersection. 
I..astl y, Place a lai^ convex lens between the machine and 
“candle, so that thcJ||idle may be in the focus of the lens, and 
_tlten the raya wiUjBl parallel, and oast a strong light on the 

These things being done, turn tlie handle backward, j^ethod of 
until the jienuuibra almost touches the side HF o£ 
the frame; tJien turning it gradually forward, observe ‘P*"*®"* 
the billowing phenomena:—1, Where thtf eastern edge of the 
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shadow of the pctiumbral plate I first touches the glolie at tlic so¬ 
lar horicoa, those who inhalnt tlie corre^pmi Jiiig jmrt of Uie Earth 
see the eclipse begin on the ap|)ennost edge of the Sun, just at the 
time of its rising. S, In that place where the penumbra's centre 
first touches the globe, the inhabitants ba'vc the Sun rising 
upon them centrally eclipsed. 3, When the whole |)eniinibra 
just falls upon the glolK% its western edge at the solar horizon 
touches and leaxes the place where the eilip*.! ends at sun-tise 
on his lox\crnio«t wlge Continue turning, and, 1, The tloss 
lines in Uic centre of the jwminibra will go oxer all those jilaces 
on the globe w'hen the Sun is centrally eclipsed .1, When the 
eastern edge of the shadow touches any place of the globe, the 
eclipse begins there; when the xerticaJ line in the penumbra 
comes to any place, then is the greatest obscuration at that 
place; and when the wtMern edge of the penunibia leaxts the 
place, the eclipse ends then , the tune'' ot all whuli are sluwn 
on the hour-circle, and troni the biginning to the end, the 
shadow8 of the concentric penumbnl ciiolesshew the nnmbei of 
chgits eclipsed at all the intenncdiate tunes (}, When the 
eastern edge of the penuinbia leavts tlu* glohe at the sf>lai 
hon/on (\ the inhabitants see tlu '-nn iH'giiunng to be 
eclipsed on his loweimost edge at it*- -itiing 7, Where (he 
penuinbia's cviitre leaxes the globe, tlie inh.ibitants see the Sun 
set Lcntrall} eclipsed And, lastly, uheie the penumbra is 
whollv departing fioni the glolxc, tlie inhabitants sit the ellipse 
ending on the up^xrinost part of the Sun's edge, at the time of 
Its disappearing in the hon/on 


TheEclipw* If «ny gixen dax of thi \cdi on the plate E 

•1^ ^ annual-index G, and the handle turned 

time of her till the mendian of anx jilaci comes under the peint 
crooked wire, and then the hour-cirele D set' 
rf by the band till XII comes t > its index; in turning 
twilight, &c. glolje round by the handle,^ hen the said place 
touches the eastern edge of the hoop or imUp* hnn^n C, the in¬ 
dex shews the tune of sttn setting at that^ue; and when tbf. 
iplace IS just coming out from below the other edge of the h6op 
^ C, the index shews the time when the evening twilight ends to 
When the place has gone through the dork part and comes 
jmout so as to immerge under the hack of the hoop C on the 
pther side, the index shews the time when the morning ts^ght 
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begins; and when the same place is just 'coming out from he- 
ow the edge of the hoop next the irame, the index pdints outs 
the tkne of sun>rising. And thus, the times of sun-rising and 
setting are shewn at all places in one rotation of the globe, for 
a»y given day of the year: and the point P of the crooked wire 
F shews all the places over which the Sun passes vertically on 
that day. 


CHAP. XXIII 

THE METHOD OF FINDIVG THF DI8TAXCFS OF THE FLAXET8 

FROM THE SUV. 

Art I —Concetning Parallaarts^ and their Use in general. 

410 Tur* ajjprffiifhini; transit of Venus oser the Thetran«iit 

Sun has lusiK enirtujed the attention of astronomers, I**®" 

■ 1 ' ^ I , 1 - ful in finding 

as it IS a ]>henonienun seltloni seen, and as the paral- thepanUaxtii 

laxes of the Sun and planets, and their distance of*he planets, 
from one another, ma\ be found vith greater accuracy by it, 
tliaii by any other niethtKl y et know n. |, 

411. The parallax of the Sun, lM<Kin, or anypla- Explanation 
net, IS the distance between its tine and apparent of parallax, 
place in the lu*a\ens. The true place of any celestial object, 
referred to the staiiy beaxen, is that m winch it would appear 
if seen from the centre of the Earth; the apparent place is 
(hat in wliub it appear** as seen from the Earth’s surface. 

To explain this, let A B1) H lie the Earth (Fig. Plate XIV. 
1; of Plate XIV), C its cciitre, M the Moon, and * 

Z X R an arc of the starry henxen. To an observer at C 
(sup|M>sing the Earth to he traiisjiarcnt) the Moon M will ap- 
, pcjy* at Uj which is her true place referred to the starry firma¬ 
ment: but at the'’same instant, to an ohserv’er ex A she will 
. ^pear at «, below hef true place as among the stars. The 
angle A M C\% colled the Moon’s jiarallax, and is equal to the 

* * The whole of this Dissertation was pnblikhed lo^the bfgUmxng of the year 1761» 
befosp the tine of the transit, except the 7th and 8th articles, which have been added 
since that tune. 
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opfXM^ Engle 17 Muy (Playfair's Eucl. B. i, Prop. 15.) whose 
measure is the celestial arc 6^^ st. The whole Earth is but a 
pomt )f compared with its distance from the fixed staca; and 
thercfino we ccmsider the stars as having no parallax at all. 

Tho parsUax 4^12. The nearer the object is to the horizon, the 
incrMi°M ** parallax; the nearer it is to the zc^nith, 

itodiitudcdi. the less. In the horizon it is greatest‘of all, in the 
zenith it is nothing.—Thus let A L t be the sensible 
hcarizon of an obsen-er at A; to him the hloon at L is in the 
bonzon, and her parallax is the angle A L €y under nhich the 
Earth's semidiameter A C appears as seen from her 'J'his 
angle is called the Moon's horizontal parallax, and is equal to 
the opposite angle T L whose measure is the a*-c T t in the 
starry hea\en. As the Moon rises higher and higher to the • 
points AT, A', O, P, in her diurnal course, the parallactic 
angles VM w, A' A’' j*, }” O dinniiish, and w) do the arcs V w, 
X JTy Yyy which are their measures, until tho Moon comes to 
P; and then she appears in the zenith Z without any parallax, 
her place being the same fw>m A on the Earth's sur¬ 

face, and from C its centre. 

How to find obser\er at A could take the true niea- 

ttie ]tro<m*» S'Urc* or quantity of the parallactic angle A L C, he 
therein find the Moon's distance from the 
centre of the Earth. For then, in the jilain triangle 
/, A Cy the side A Cy uhich is the Earth's seniidiametiT, the 
ao^e A L C, svhieh is the Mcmmi's horizontal parallax, and the 
right angle C A Ly would be gi\cn. Therefore, by trigo.io- 
metry, as the tangent oi* tlie parallactic angle A L C is to ra¬ 
dius, 80 is the Earth'.s semidlarneter A C U) the Moon’s distance 
C L from the Earth’s centre C (Playfair’s Eucl. Tngon. 
Prop. 1). But because we consider the Earth’s sciiiidiameter 
as unity, and the logarithm of unity is nothing, subtract the 
logarithmic tangent of the angle A L C from radius, and the 
remainder will l» the logarithm of C Ly whose nunilier is equal 
to the number of semidiameters of the Earth by which the 
Moon is distant from the Earth's centre. Thus, supporing the- 
angle A L C the Aloon's horizontal parallax to ^ 57'>15', 


From the ndiiM ... 10.0000000 

Snbtract the letigent uf BT 10".... ••• 8.21119207 


And then will xenein 


1.7780708; 
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which is the logarithm of 59.99, the number of semiiSiiHefiimi 
of the Earth, which arc equal to the Moon''8 distance frmn the 
Earth's centre. Then 59.99 being multiplied by 3985rthe 
'number of nuies contained in the Earth's scraidiameter, will 

I ^ ' 

give 2S9082 miles for the Moon's distance from the centre of 
the Earth, h> this parallax. 

414. But the true quantity of the Moon’s hori/.ontal paral* 
lax cannot be accuratelv deterniincd by observing the Moon in 
the horizon, on account of the luconstancv of the horizontal re¬ 
fractions, which alwa}s vary according to the state of the atmo¬ 
sphere ; and, at a mean i-ate, ekvate the Mtxiii's anparent 
jilace ne<n the iHirizon half as iiinch inoic than as her paiallax 
depresseth it. And, therefore, to have her parallax more accu¬ 
rate, astronomers have thought of the folloN^ing method, w'hich 
j.eeius to he a ver\ good one, but which has not vet been put 


in practice. 

Lit two observers be placeil under the s,nnc nieri- 
dun, one in the northern hemisphere, and the other finding the 
in the southern, at such a distance from eath other, pa- 

rallax. 

that the arc of the celestial meridian included lie- 


tween their two zeniths may be at least 80 or 90 degrees. Let 
tach observer take the distance of the Moon's centre from bis 


zenith, b\ means of an exceeding good instrument, at the mo¬ 
ment of her passing the meridian; add these two zenith-dis¬ 
tances of the Moou together, and their excess aliov’e the dis¬ 
tance between the two /eniths will be the distance between the 


two apparent places of the Mcxin. Then, as the sura of the 
natural sines of the two zenith-distances of the Moon is to 


radius, so is the distances between her two apparent places to 
her horizontal parallax : which being found, her distance from 
th& Earth's centre mav be found by the analogy mentioned in 

§■ 418 - 

Thus, in Fig. 2, let C Q be the Earth, JfUhe ntusiMttavrf 
Mora, and Z b a z an arc of the celestial meridian, this method. 
LeCv be Vienna, Vhose latitude E V is 48“ ^ north; 

C the Cape of Good Hope, whose latitude E C is 84® 8(K 
soiitiu: bofh whidi laritudes we suppose to be accurately de¬ 
termined beforehand by the observers. As these two places 
ar^ on the same meridian n V E C Sf and in difierent hemi¬ 
spheres, the sum of their latitudes 82" SCf is their distance from 
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each otiber. Z is the zenith of Vienna, and z the zenith of tiic 
(Jajie of Good Hope; whicli two zeniths arc abo 82“ 50' di*,- 
tant from each other,. in the common celestial meridian Z z. 
To the ohsers'cr at Vienna, the Moon's centre mil appear at a 
in the celestial niondiati; and at tlie !»ame inMant, to the oh- 
server at the Cnpt», it will ap^iear at b. Now, suppose the 
Afoon's distance Z a tioin the /enith of Vienna to lie 38 1' 53", 
and her distance b from the /enith of tlie Cape of Good Hope 
to lie 46'^ 4' H , the sum of thest' two /enith-distanees 
(Z a z b) IS C 31> , from which suhtratt 82^ 50 , the 
distance Z z between the zeniths of these twro places, and theie 
wrill remain 16' 34', for the arc b «, or distance Ix'tweon tlic 
two apparent places ol the MtKin’s centre, us siuHiom I and 
from C Then, suy>|K)sintr tin t.ibular radius to lie lOOOO(KH), 
the natural sine of 38 1 53 (tin arc Za) is 616081(1, ainl 
the natural sme of 46"' 4 14 (tin arcs: js 7202821 , tin* 
sum of lioth tlnse sines is 13363637 Sat, tinrefore, as 
13363687 is to 10000000 , so is 1 16' 34", to 57 18 , which is 
the Mcxin'h hon/ontal parallax 

If the two plac'cs of obsertation he not ivactlt iiiulei the 
same meridian, iheir difference of longitude must lx* acc urate U 
taken, that projKT allowaiue may be made for the Mckmi's de¬ 
clination whilst she is paso-in^ from the meridian of the one to 
the meridian of the other 

„ , 415. The Karih’s diameter, asMX'n fiom the Mcxin, 

lUlative , 

magnituden subtends an an^le of double the Moon's hon/ontai 
paiallax, which In'in^r supjiosc'd (as alxise) to be 
57' 18", or 3438', the Kurth’s diameter must lx* 1* 
64' 36", or f876 When the Mcxin's horizontal parallax 
(which 18 variable on account of the cccentricit} of hcr.orbit) 
is 57' 18", her diameter subtends an angle of 31' 2", or 1862" : 
therefore, the Karth’s diameter is to the McKin’s diameter, as 
6876igtol8($^; that 18 , as 3.69 ih to 1. 

And since the relative bulks of spherical bodies are the 
cubes of their diameters, the Barth's bulk Us to the Moon's 
bulk, as 49.4 is to one. 

416. The parallax, and consequently the distance and bdik, 
any primary planet, might be found in the above manner, it 
planet was near encnigh to the Barthi so as to make the 
ierence of its two apparent.places sufficiently sensible; but 
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the nearest planet is t(x> remote for the accuracy requiretl* 

In order therefore to determine the distances and ^ 

relative bulks of the planets with any tolerable ofVenutbeat 

"deforce of precision, we must have recourse to a fitted for fiad- 

muthod less liable to error; and this the approach- 

ins; transit of Venus over the Sun’s disc will af- P^mary pi*. 
r 1 nets. 

Tonl us. 

417. From the time of any inferior conjunction of the Sun 
and V'enus to the next, is .jSi) tln>s ilil hours 7 minute*-. And, 
if the plane of \ imius’s orbit were eoineident with the plane of 
the ecliptic, •'he would pass direetU between the Kartli and the 
Sun .it eacii inferior conjunction, and would then ap])ear like a 
dark loimd spot on the Sun for alxiut 7 hours and tJ quarters. 
fUit \imis\orbil (like the Moon’s) only intersects the ecliptic 
in two opposite }x)inls, called its nodes. And therefore one lialf 
of It is on tile north side of the ecliptic, and the other on the 
south . on which account, \ eiius can iic\er be seen on the Sun, 
but jit those inferior con|uncti<ms which iiajqK'ii in or near the 
nodes r)f her orbil. At all tlie other con)unctions, she either 
passes alxne or below' the Sun; and her dark side being then 
towards the Earth, she is iiiMsible.—'fhe la.st time when tliis 
}>lnnet Avas seen like a s^iot on the Sun, was on the 24th of 
November, old sl\le, in the Near lOfJi). 


A RT. 11.*—*S'/irrWw^»’ hozc to find the Horisontal Pardllajr of Venus 
hj observation^ and from thente^ h/ anah^i/^the ParaJlao' and 
Distnme of the Sun, and of alt the Plant ts from. him. 

4]8.«In Fig. 4, of Plate XIV, \cX D A B be the Plate XIV. 
Earth, V Venus, and T S H the eastern limb of the 
Sun. To an observer at B, the jioint t of that limb will be ou 
the meridian, its place referred to the heaven will be at JEJ, and 
Venqs will appear just within it at S. But, at the same in¬ 
stant, to an observer at A, Venus is east of the Sun, in the right 
•bic A V F i the point t of the Sun’s limb appears at # in the 
Helens; and if Venus were then visible, she would appear at 
F. The angle C V A ’\^ the horizontal parallax of Venus, which 
we fieek; and is equal to the opposite angle F V E, whose mea¬ 
sure is the arc F E. A S C \b the Sun’s horizontal parallax. 
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eqtial to the opposite angle t S whose measure is the arc 
e Es and F J e (the same m V A v)\9 Venus's horixontal pa¬ 
rallax from the Sun, which may be found by observing how 
much later in alxtolute time her total ingress on the Sun is, as 
seen from than as seen from which is the time slie takes 
to move from V to r in her orbit 0 T r. 

419. It appt'ars by the tables of Venus’s motion and the 
Sun's, that at thi* time of her ensuing transit, she will move 4 
minutes of a degree on the Sun's disc in 60 minutes of time ; 
and therefore she w'lll move 4 seconds of a deijree in one minute 
of time. 

Now, let us suppose, tliat is 90 degrees west of /y, so that 
when it is nmm at /y, it will Ih» VI m the morning .if that 
the total ingress as seen from H is at 1 minute past XII, hut 
that as seen from A it is at 7 mimites 60 seconds past \ I • de¬ 
duct 6 hours for the difFerciicc of nierulians of A and /f, and 
the rtmmnder will he 6 minutes 60 s<‘conds for the time 
which the total ingress of 1 enus on the Sun at S is later .as seen 
from A than as seen from B which tune bung eoiiserted into 
parts of a degree is 26 seconds, or at the arc F e ol \ enus\ ho¬ 
rizontal parallax from the Sun for, as 1 minute of time is to 4 
accond» of a degree, so is 65 minutes of time to 26 seconds of a 
degree. 

420. The times in which the planets perform their annual 
revolutions about the Sun are already known by ohsersation 
From these times, and the universal piwer of gravity by winch 
the planets are retained in their orhite, it is demonstrable, that 
if the Earth's mean distance from the Sun be divided into 
100000 equal parts, Mcrcurj^'s moan distance from the Sun 
must be equal to 38710 of these parts — Venus's mean distance 
from the Sun, to 72333— Mars's mean distance, 152369— Ju- 
piter'fi, 520096— and Saturn's, 954006. Therefore, when the 
number of miles contained in the mean distance of any planet 
from the Sun is known^ we can, by these proportions, 6n(j_ t|^ 
mean distance in miles of all the rest 

421. At the time of the ensuing tramdt, the Earth's distanr'^ 
from the Sun will be 1015 (the mean distance being here hbn- 
ndel^Las 1000), and Venus's distance from the Sun will bo 

0 maul (bstance being considered as 723), which differ- 
from the mean distances arise from the elliptical frgure of 
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the pSanets' orbits. Subtract parts fixmi 101^, and tlwPO 
will remain^289 parts for Venus's distance from the Earth at 
that time. 

4S1. Now, since the hori7x>ntal parallaxes of the planets are* 
inversely as their distances from the Emth's centre, it is plma,. 
that ar Venus will be between tlie Earth and the Sun on die 
day of her transit, and consequently her parallax will be tlien 
frreater tlian the Sun's, if her horizontal [Mirallax can be on that 
day ascertained by observation, tiie Sun's hori/ontal parallax 
lUiiy be found, and consequently his distance from the Earth.-i^ 
Thus, biijiposc Venus's horizontal paiallox sliould be found to 
he i56".5'li80; then, as the Sun's distance 1015 is to Venus's 
distance 289, so is Venus's horizontal parallax S6'^S480 to the 
Sun's liori/ontal parallax 10".3493 on the day of her transit. 
Aiul the difference of those two |)arallaxcs, viz. 25",9987 
(whiuli may lie esteemed 2C") w ill be* the quantity of Venus's 
liori/ontol parallax from the Sun ; which is one of the elements 
tor pnijectiiig or delineating lier transit over the Sun's disc, as 
w ill iqqK'ar 1 urtlier on. 

To find the Suit'.s liorizontal parallax at the time of his mean 
distance from the Earth, suy, as 1000 parts, die Sun's mean 
<Iistancc from Uic Earth's centre, is to 1015, his distance there¬ 
from on the day of Uic transit, so is 10".3493, his horizontal 
{Kvrallax on that day, to 10".5045, his horizontal parallax at 
the time of his mean distance from the Earth's centre. 

422. The Sun's jiarallax being thus (or any other way sup¬ 
posed to be) found, at the time of his mean distance from the 
Fiurth, we may find his true distance therefrom, in semidiame- 
iers of the EartJi, by the following analogy. As.the sine (or tan¬ 
gent of so suuill an arc ojs tliat) of the Sun's parallax 10''.5045 
is to radius, so is unity or the Earth's smidiameter to the num¬ 
ber of seiuidianietcrs of the Earth that the Sim is distant from 
its ceutj'e, which number, being multiplied by 3985, the mm- 

* '''■s prove thii, let 41,be dieEan tCtg. 3), P y«lniK, A S the £aidi, C its eea- 
tr^ and A its w i a iid is m eter. ThS angle A f VhHie horisontal panlhx of Te. 
^niis'snd A S hotisMitslfianiUax eftfae Sun. But hj the pn^eity of phne 
tnenlVm^ lFla]i4llPs £u(^ Pane Trig. Prop, li.) as riie rine o[ A F C (or of 
•V r A its snpideiBent to IM) Is to ilie sine at A SCfWuAStoA F, and so is 
C S ta C F-^N. JB. In all ani^' less t)uiD a minute of a dq^ree, the ones, tvi- 
geutsand ates, ile to neatly egusl)^ lint they may udthout error Jbe ueed Ibr one 
'another. And hare are make me ejf (liaidipes^s l y aj ft h )a 46hddia*yli^ ^ l»*yf 

the sincstocTeiyMiioiidtfadcgVfd. < 

yoL. H. , - JO 
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liei*of BnI«t*c 0 BtidBed i» tlh« Earthl's itniiilMiiwiier, wiH give 
the, number of miles by ivhidi the Son is distent from tlie 
Earth's centre. 

Xhen, by § 4^, m 100000, the Earth's,mean dbtenoe from 
the Sip in parts, is to 88710, Mercury's mean dwtenee frpm 
the Sun m parts, so » the Earth's mean distance from the Sun 
in miles to Mercury's mean distance from the Stm in miles.— 
And, 

As 100000 lb to 72388, so is the Earth's mean distance from 
the Sun in miles to \enub's mean distance ircHii the bun m 
miles.—Likeni ise, 

As 100000 is to 18S8C9, so ib die Earth's mean distance from 
the Sun in miles to Mars's mean distance ironi the Sun in 
miles —Again, 

As 100000 lb to 520096, so is the Earth's mean distance 
frcmi the Sun in miieb to Jupiter's mean distance frcaii tlie Sun 
in miles.—Lasth, 

As 100000 is to 954006, so is the Eartli'H mean distance 
from the Sun in miles to Saiuni's mean distance from the Sun 
m miles. ^ 

And thus, by basing found die di&tance ol' any ofic of the 
phmets from the Sun, ae have bufficient data for hndmg the 
distaiMxs of all the rest. And then, from their af^porent duu 
met er s at lliese known distanceb, thetr real diameters and bulks 
may be found. 

428* The Earth's diameter, as seen from the Sun, subtends 
am aaf^ of double the Sun's horizontal parallax, at the time of 
4 a£ the Earth's mean distance frenn the Sun ; and the Sim's cha- 
jMter» aa ss^ from the Earth at that time, subtends an angle 
ef OS'S", or 1922". Therefore, the Sun's diameter is to the 
Earth's diameter, as 1922 is to 21. And lufice the relative bulks 
ef bodies are as the cubes of thdir diameters, the Sun's 

bulk is to the Earth's bulk, as 756058 is to 1; suj^tosing the 
Sun's borizcmtal parallax to be lO^'.SO, as above, 
nus^enr. 424. It it,p)ain by Elg. 4^ lhat whether Veftmrlic 
at Cf or r, oT'in ai^ other part of the rightJuie 
JS F <$', it villi make no diEerence in the dme o6,lier total* in. 
gvsM On the Sun at 8^ as seen frmn A i but as seen from J it 
|hnil Ear, if Venus be at F, her hteizontal parallax from the 
Simia4h4imeEe. whicbmpasursc0ieaiii0^F4r; butifslie 
be nearer the Banll, gs at CT, hef honaom parallax from the 
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61411 u tlie aiojf#, vhidi measures Ihe ang^s^JI s; somI 1M$ 
angle is greater than the angle F A Cfhy thecUffarenoe of tlu^ 
measuresy* F* So that, as the distance of the celestial oligeot 
from the Earth is less, its parallax Us the greater. 

,425. Tol^nd the parallax of Venus by the above method, it 
is necessaxy, 1 , That the diflerencc of meridians of the two 
places of obstipation be 90**; 2, That the time oi Venus's to- 
tal ingress on the Sun be when his eastern limb is either on the 
meridian of one of the places, or \ei 7 near it; and, 3, That 
each observer has his dock exactly regulated to the equal time 
at hLs place. But as it might, perhaps, be difficult to find two 
places on the Earth suited to the first and second of these re- 
qulsites we sliall show how this important problem may be 
voKcd by a single observer, if he be exact as to his lon^tude, 
and has his cluck truly adjusted to the equal time at his place. 

426. That })art of Venus’s orbit in which she will move 
during her transit o%er ilie Sun, may be conridered as a 
straight lino; and, therefore, a plane may be conceived to pass 
liotli through it and the Earth's centre. To every place on 
the Earth's surface cut by tliis plane, Venus will be seen on 
the Sun in the same p<ith that she would describe as seeA from 
the Earth's ct'ntre * and therefore she will have no parallax of 
latitude, cither north or south ; but will have a greater or less 
parallax of longitude, as she is more or less distant from the 
meridian, at any time during her transit. 

Matura, a town and fort on tlie south coast of the island of 
i’eylon, will be in this plane at the time of Venus's total ingress 
on the Sun; and the Sun w'ill then be 621° east of the meridian 
of that place. Consequently, to an observer at Matura, Venus 
w ill liaye a considerable parallax of lon^tude eastward from tlm 
Suu,« when she would appear to touch the Sun's eastern limb 
arf seen from the Earth's centre, at which the astronomical taUep 
suppose frie observer to be placed, imd give the rimes as seen 
from thence* . * * 

42*7. According to these tables, Venus's total ingrem mi the 
$uti*wUl be 50 mkmtes after VII in the morning at Matura,* 
supposing that place to he 80° east Icmgitude from the meridian 

3 TUfr time of total ingress at LoDdoo, as ssea from the Eaxdi's eentre, is at 30 
nunihes after II in the morningi and if Matiico he joat 80* (or 3 hococs SO O^otan 
east 0 ^ Ismdon, when His 30 mhwtai ypit XX ia lasftdog at ]>»dab, it H W 
miButsi put VXl at MMUau 
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of London; which is die o^erver's bunness to detamiiie. Let 
ns imagine that he hiids it to be exactly so, but that to him the 
total ingress is at VXt hours 55 nunutes 46 seconds, which is 5 
minutes 46 seconds later tiian the true calculated time of total 
ingresa, as seen lirom the Earth's centre. Then, as Venus's 
motion on (or towards, or from) the Sun is at the rate of 4 
minutes of a degree in an hour (by § 418), her motion must be 
of a di'grce in 5 minutes 46 seconds of time; and this 
i!3M IS her (virallav eastward, from her total ingress as seen 
from Alaturu, when her ingress would be total if seen from the 
Earth's centre. 

4S8. At \ II hours 50 minutes in the morning, the Sun is 
6 f from die meridian; at VI in the morning he is 90“ from 
it: therefore, as the shk* of 62^“ is to the sine of 23' 1 (whith 
is Venus's parallax fiom her true place on the l^un at MI hours 
50 minutes) so is radius, ur the sme of 90“, to the sine of 26', 
which is Venus's horizontal parallax ixxmi Ute Sun at \ 1. In 
loganthms thus 


Ai tbe li^tithmic sine of 62” SCr .. 9.94792ffll 

X« to the logMithmir nnc of 23".l .. 6.9481 SIO 

So is the loguithmic rsdiut . 10.000<HMH> 


To the logantbmic stne of 26" very nearly . 6.1002221 


Divide the Sun's distance from the Earth, 1015, by his du> 
tance from Venus 726 (§ 12), and the quotient will be 1.3980; 
which being multiplied by Venus's bon/ontal parallax from the 
Sun 26", will give 36".3480, for her honzontal parallax as 
seen fiom the Earth at that Ume. Then (l>y § 421) as the 
Sun's distance 1015 is to Venus's distance 289, so is Venus's 
horizontal parallax 36".d480 to the Sun's horizontal parallax 
10''.9496. If Venus's horizontal pandiax hom the Sun is found 
observation to be greater or less thi^ 26", Uie Sun's hoiizon- 
parallax must be gridUer or less than WJH/dO occordi^ly. 
429. And thus, by a single observation, the parallax of 
Venus, and consequently the paraUax of the Sun, mi^t^'b^ 
foun^ if we were sure that the astronoixucal taUes were quite 
correct as to the time <ii Venus's total ingreM on the Sun. 
i^ut althou^ the tables may be safely depended upra.for 
*^wifig the true iduratW of the transit, ^hich will not 6e 
^uita 0 faoim fiptm IIm Om oi Venus's total ingress on the 
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Sun's eastem limb, to tbc beginamg of hsr egress from lib 
trestem; yet they may perhaps not ^ver the true tiniw of 
these two internal contacts: like a good common Islock, which 
though it h^y be trusted to for measuring a few hours of itme, 
yet perhaps it may not be quite adjusted to the meridian the 
place, and consequently not true as to any one hour; which 
every one knows is generally tlic case. Therefore, to make sure 
work, the obsei-ver ought to watch Ixith the moment of Venus's 
total ingress on the Sun, and her li^nning of egress from him, 
so as to note precisely the dmes b^ween these two instants, by 
means of a good clock : and by cmnpanng the interval at his 
place with the true calculated interval as seen from the Earth's 
centre, which will be 5 hours 58 minutes, be may find the 
parallax of Venus from the Sun lx>th at her total ingress and 
beginning df egress. 

430 The manner of observing the trani^t should ^ 

he as follows—The observer being provided with a obaersingdie 
good tclosco|ie, and a pendulum clock well adjusted **»““*• 
to the moan diurnal revolution of the Sun, and as near to the 
time at his plavo as conveniently may be; and having an as> 
sistant to wateh the clock at the proper tunes, he must begin to 
observe the Sun's eastern limb through h«s telescope, twenty 
mmiitcs at least before the computed time of Venus's total in¬ 
gress u}x>n it, lest there should be an error in the time thereof^ 
as given by the tables. 

When he perceiv es a dent (as it were) to be made in the 
Sun's hmh by the interposition of the dork body of Venu^ he 
must then continue to watch her through the telescope as the 
dent increases; and his assistant must watch the time shewn by 
the clock, till the whole body of the planet appears just within 
the Sun's limb: and the moment when the bright limb of the 
Sun appears close by the east ride of the dark limb of the 
planet, the observer, having a little hammer in his hand, is to 
stnkp a blow therewith on the table wallf the moment erf* 
wjiich, the assistant notes by the clcxrft, and writes it down. 

Then, let the planet pass on for about 2 hours 59 minutes, 
in sPhidi time it will be got to the middle of its apparent path 
on the Sun, and consequetitly will Ih^ be at its least apparent 
dts^oe finm the SunNi centum; atwhi<^ time, theofc^ner 
must its distance from the Sun's centre) by means of a 
good micrometer) in order to ascertain its true latitude or de^ 
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dinadon Arom the ecliptiC) and thereby ftnd the pkcea of i(H 
nodes. 

This done, theee is but little occasion to observe it any 
longer, niitil it comes so near the Sun^s western linil;, as almost 
to touch it. Then the observer must watch the planet carefully 
with his telescope; and his fl#>sistant must watch the clocks so 
as to note the predse moment of the phine^s touchiug the Sun\ 
limb, 'which the assistant knows by tltc obsencr striking a 
blow with his htainnier. 

431. The assistant must be \ery careful in observing what 
minute on the dial-plate the minute-hand has past, w hen he 
has observed the second hand at the instant the blow was struck 
by the hammer; otherwise, though he Ik* right as to the mnn- 
ber of seconds of the current nnnntc, he nw \ Ik* apt to in.ihc a 
mistake’^in the number of nnnutes 

432. To those places where tlu transit Ivgms bel’on* XII at 
noon, and ends after it, Venus will haw an laMern patallas 
fixini the Sun at the beginning, and a western p irallnx iioni the 
Sun at the end: which will contract the duration of the tiaiisit, 
by causing it to begin later, mid end si Miner at tliese plaivs, 
than it dues* as seen from the Earth's ciatrt*; which inu} be 
explained m the following manner — 

In Fig 5, of Plate XIV, lei B M Ahe tlie Earth, 
* V V'enus, and S the Sun I'ho Isartli’s motion on 
its axis from west to cast, or in the directam A M B, earru*s an 
observer on that ddc emitrary to the motion of \ onus in lier 
orlnt, which is in the direction V V IP, and will ihereftwe cause 
her motion to appear quicker on the Sun's disc, than it would 
i^ipcar to an obsen'cr placed at the Earth's centre (7, or at 
mtber cd* its poles. For, *if Venus were to stand still in lier 
mrlnt at C ^ twelve hours, the obsi>rver cm the Earth’s sefriacc 
sruuld, In that time, be carried from A to S», through the arc 
A M B. When he was at Ay he would see Venus on the Sun 
at J7; whenjit Jf, he would see her at S, and when he was at 
By he would see her at T: m that his own motion would cause* 
the planet to appear in motion on the Sun through th^linc 
B. S T: which l^ng in the direction of her apparent motioA on 
the Sun as she moves in her mbit U W, her motion will be ac- 
txJerated on the Sun to this observer, just as much as his own 
notion would shift her iqppareftt place on the Sun, if shn were 
at test in her orbit at V. 
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But as the vhdie duration of the transit, firom first to kat 
internal eontsct, mill not be quite six hours; «i obsenner, who 
^ has the Sun on his meridian at the middle of the tnuiiit will hfe 
earned only ftom « to A during the whole time thereof. And 
dierefope, the duration will be mudi less contracted bjr his own 
motion, than if the planet were to be twelve hours in pasmng 
over the Sun, as seen from the Earth's centre. 

433. The nearer Venus is to the Earth, the grater is her 
parallax, and the more will the true duration of her transit be 
contracted thereby ; the farther she is from the Earth, the am- 
,trary; so that the contraction will be in direct proportion to the 
parallax. Therefore, byobserving, at proper places, how much 
the (luration of the transit is less than its t.*ue duration at tiie 
Earth's cratre, where it is 5 hours $8 minutes, as given by the 
ajftroiiomical tables, the parallax of Venus will be ascei^ 
toinod. 

4.34. The above mcthotl (§ 17, 4* is much the same as 
was prescribed long ago by Doctor Halley, but the calcula¬ 
tions dider considisrably from his; as will appear in the next 
artK'Ic, w Inch contains a translation of the doctor's whole dis¬ 
sertation on that subject. He had not computed his own tables 
when he wrote it, nor had he time before-hand to make a suC* 
ficient numbtf of observations mi tiie mo&m of Venus, so as to 
determme whether the nodes of her oibit are at rest or no; and 
was therefore obliged to trust to other tables, which are now 
found to be erroneous. 


Aar. IIL^-^oniaintfig Dr. Halley's DUeerUUwn on the mo- 
tkod igf Jinding the Snn's parallaa! and distance Jlvm Ute 
Earthy hy the transit of Ven^ts aver Ute Sun's discy June 
* 1761. Translate from the La^ «» MoHds Jbridgmetd tgf 
the PhUomj^iecd Trtmsadionsy Vol. /, p. ^43; toUk udtfi- 
tional notes, 

*435. There are many things exceedingly para- Anaum 
do^eal, and that seen quite incredible to the ilU- 
tmrate, which yet by means of mathematical prin- SCbSK- 
mgy he easily sdived. ficaroe nny pnoMem 
svtii appmr more hmd and difficult, than of deteroimii^ 
the dbtMtce of the Sun fixmi the Eatflh ¥my Hear the truths 
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but even this, when we arc matW acqtuunted #ith acme eitart 
obsen'ations, taken at places fixed upon, and chosen befure- 
hand, will without much labour be effected. And this is what 
I am now detarous to lay before the Boyd Society/ which 1 
finretel will condnne for age**), Uiat I ma> explain bcibre>haiiii 
to young astrcmoiners, who may perhafis live to obaenc theve 
things, tlie methtxl whereby the lunueiihe distance of the Sim 
may be truly obtained, to within a fi>c>hundredth part of what 
it really is. 

Various opi- 436. It IS wcU known that the distance of tin* 
moos among Sun fniin the Barth is by diAcreiit astnuioiiiers su|>- 
different, according lo what was judged most 
taweof the probable from the iKWt conjecture that emh could 
form. Ptolemy and his followers, as also Copeiiiu 
cus and Tycho Bralie thought it to be 1200 M'luuliameteis ol 
the Barth; Kepler 3500 nearly , Ricciulus doubles the distance 
mentioned by Kepler, and IIcMdius only iuneasc>s it by oiu- 
half. But the planets Venus and Metcuiv luting, In the as¬ 
sistance of tlie teleseop(>, been seen on the <ltsc of Uie Sun, (K- 
juived of their borrowed brightnes-, it i'. at Itiigth found that 
the apparent diameters of the planets ate much less than they 
were formerly, supposed T and that the seniuliamcter of Venus 
seen from the Sun 4lbtends no more tlian a fourth (lari of 
minute, or fifteen seconds, whilst the semuiiamcter of Mercury, 
at its mean distance from the Sun, is seen under an angle only 
of ten seconds; that the semiduunetcr of Saturn seen from the 
Sun, appears under the same angle; and that the semidioine- 
ter of Jupiter, the largest of all the planets, subtends an angle 
of DO mere than a third part of a niiniiie at the Sun. Whence, 
keeping the proportion, some modern astiunomcrs have ibought, 
that the semidUmeter of the Barth, seen from the Sun, w*ould 
sabtmid a mean ai^le between that larger one subtended by 
Jupiter, and that smaller one suhtended by Saturn and Mer- 
' ctiiy; and equal* to that subtended by A'enus (namely, fifteen 
secrads): and have thence concluded, that the Sun is distant 
fmn the Barth almost 14,000 of the Barthes somidiameters 
But the same audiors have, on another account, somewhat in- 
cteased this distance: for, inasmuch an the Mood\ diameter is 
a hide more than a fourth part of die diameter of the Barth, 
il J||ie Sun^s parallax should be supposed fifteen seconds, it 
woi^ folbw, that the body of the Moon is larger than that of 
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Mercuiy; tibat is, that a secondary planet would be greates 
tlum A primary, whidi would seem inconsistent with the uni- 
foimity of the mundane system. And, on the contrary, the 
fuune regb^rity and uniformity seems scarcely to admit, that 
Venus, an inferim* planet, that has no satellite, ^tould be greatseF 
than our Earth, which standa higher in the system, has 
such a splendid attenilaiit. Therefore, to observe a mean, 
let us sup})osc the semidiameter of the Earth seen from the 
Sun, or, ^liich is the same thing, tlie Sun's hori/ontal parallax, 
to be twelve secemds and a half; according to W'hich, live M<x>n 
will be less limn Mercury, and the Earth larger than Venusv 
and the Sun's distance from the Eai'th will come out nearly 
f (>,.500 of tlie Earth's seniidiameters. This distance 1 assent 
to at present, .as tlie true one, till it shall Iteotimc certain what 
u IS, the (\}K>iintent which I propose. Nor am I induced 
to alter inv opinion by the authority .ot‘those (however weighty 
it ina) 1 h') who arc fur placing tlie Sun at an immense distance 
he^oiitl the houials here assigned, rel\ing on observations made 
ti{)on the vibrations of a pendulum, in order to determine those 
c\ei'(‘ding small angles; but which, as it seems, are not suffi¬ 
cient to be depended u]x>n: at least, by this method of 
gating tlie jiarulkx, it will come out sometimes notliing, or even 
negatn e; that is, the distance would ritAer become infinite, 
greater than infinite; which Ls absurd. And indeed, to cou- 
f'ess the tiuth, it is hardly possible for a man to distingiush, 
wiUi an;y degice of certainty, seconds, or even ten seconds, wilSb 
iiistruuiems let them be ever so skilfully mode: therefore, it 
IS not at all to lie wotulered at, Uiat the excessive nicety of this 
matter has eluded the many and ingenious endeavours of sxush 
skilfuk operators. * 

487. ** About forty >ears ago, wfiilst 1 was in the^when Dn 
i&larid of St. Helena, observing the stars dbout the wm 
south pole, 1 had an opportunity of observing, widi tcMiiit 
the greatest diligence. Mercury passing over the disc 
of the Sun; and (w'hich succeeded better than 1 
'cdbid have Imped for) I observed, with the greatest 
deduce of accuracy, by means of a telescope S4 feet stm** dL 
long, the very moment when Mercury, entering up- 
on^thc Sun, seemed to toudt its limb within, and also the mo- 
meutyvhen going off, it struck the limb of the Sun's die, form¬ 
ing the angle of interior ccmtact: whence I found ^the interval 
of time, during which Mereuxy then appeased withm the Sun'a 
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Sm, even Hitliout nn error of one seoemd nfv lEiie. fW the 
lucid line intercepted between the dark fiibbnflt^ fiinnet end 
the bright limb of the Sun, although cEnMcBii^ rs tern 
the eye ; and the little dent made in the SunV limb, by 
MeneuiyV entsenng the disc, appean* to vamdb in a moment; 
and alrio that made by Memiiy, when leaving the disc» eeenia 
to b^in in an instant. When 1 peredived this, it Immediately 
came into my mind, diat ^ Sun's parallax might 1^ accurately 
determined by such kind of observations as these provided 
Mercury were but nearer to the Earth, and had Hr greater pa. 
rallax from the Sun; but the difference of these parallaxes is 
aa little, as always to be less than die solar pm^llax which we 
toek; and tb«iefore Mercury, though frequently to be seen on 
the Sun, is not to be locdced upon as Bt for our purpose." 

Tlie trsDshs There remains then the transit of Venus over 

•r VeoM the Sun's disc, whose parallax, lieing almost four 
times as great as the solar parallax, will cause very 
i^lbe 8iui*t sensible differences between the times in which Ve- 
^“^f?*** nus will seem to be passing over the Sun at dideivnt 

pmtiof the Earth. And from these differences, if they be 
obsitfUll as tliey ought, the Sun's parallax may be determined 
cron'to a small part of a second. Nor do we require any other 
instruments for this purpose than ccmnnnn telescopes and clocks, 
<Mlfy of their kind | and in the obseri'ers, nothing more is 
necidtol than fidelity, diligence, and a mode;rate skill in astro, 
dbiay. For there is no need that the latitude of the fdacc 
dbouhl be mrupulously observed, nor that the hours themselves 
sbcliM be accurately detormined with respect to the meridian: 
Mis suffident fiiat the dodcs be rcgtiiated according to the mo- 
of the heavens, if the times be well reckoned firmn toe total 
ingnns of' Venu^ into the Sun's disc, to the beginning of-' her 
from is, when the dark globe of Venus first be- 

to touch the bnght limb of the Sun within; which mo- 
nietits, I, know roy own experience, may be observed within 
a second of ritoe. 

^ ^ But mi account of the very strict laws by 

the motions of die phmets are r^^latedy'^e. 
"'nus is seldom seen widiin the Sun'll dBsc: and dur- 


See Emir. Excveto- 




CftMwr*. int poiotsd eat, ia Ids 

Sdwk Jfwp: 8f* peUiilMd hi im, the gKtt>ie ef (he tfimitt of 
in deteopuflosg du: l«m*s pe n J U x . '* " 

Giuteoktir tok a, ^ 
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ing tlM cmirso of miBe than ^rears, it could not he seen 
once; lUQtnel^r, (Voni the year 1639 Twhen this most pleamhg 
^ sight hi^l^ned to that excellent youth Horrox our oounttll^ 
man, and U> him imly, since the creadon) to the year 1761; in 
which yemr, according to the theories whidi we have hi^erto 
found agreeable to the celestial motions, Venus will again pass 
o\er the Sun on the S6th of May (6th June new st^le), in the 
morning; so that at London, about mx. o’’clock in the morning. 
We may expect to see it near the middle of the Sun's disc, and 
not above four minutes of a degree south of the Sun's cuiitrcr 
But the duration of tliis transit will be almost eight hours; 
namely, from two o'clock in the morning till almost ten. Hence 
the ingress will not lie visible in England; but, as the Bun will 
<tl that iim(> be in the I6th degree of Gemini, basing almost S3 
degi ees north declination, it will be seen without setting at all 
in almost all parts of the north frigid 2 one: and therefore the 
iiiliabitants of the coast of Norway, beyond the city of Nidm> 
SKI, which IS called Diontheim, as far as the North Cape, will 
he able to obsen e Venus entering the Sun's disc; and perhaps 
the ingress of \enus upon the Sun, when nang, will he seen 
by the Scotch, in tlie northern parts of the kingdom, and hy 
the inhabitants of the Shetland isles, formerly called Thule. 
But at the time when Venus will be nearest the Sun's centre, 
the Sun will be vertical to the northern sliores of the bay of 
Bengal or rather over the kingdom of Pe»u; and thereihfe in 
the adjacent regions, as the Sun, 'when Venus enters his disc, 
will lie almost four hours toward the east, and as many toward 
the west when she leaves him, the apparent motion of Venus 
on the Sun will be accelerated by almost double the hofcizotitdi 
parallax of Venus from the Sun; because Voiiis at that time 
is carried with a retrograde niotioii from east to west, whilst an 
ej e placed upon the Earth's surface is whirietl the contzaiy 
way, from west to east.* 

^ This hflv been alnady taken notice of in § 4^ t bat I «baB Itere endeaeoor la 
vxpknn it more at large, together with some of the felloVlng part of^the doctor's 
s%y, by a figure. 

InYig. 4, of Plate XT, tet C be the centre Of tlu Earth, and B iftHaeatre of 
the Sun. In diei^ht line C«B, soi^e eZ to CZ as 786 is to ^ 480). 
JL>et aebd be the Earth, v Tonos'a plaee m her orbit at the time otT her cmimetaoa 
wxih*the Sun; and let T S be the Son, whose diameier is 81'^ 48'^ 

The motion Venus in her oiWt is in the dhrocdoii JTv ’l, ShE Earth's mo> 
don im Jte axu is, according to the order of the 34 hotiSi placed around it in the 
dfiurs* Therefime, supposing the mouth of An Chu^^es to bo at (S, when Ventia. is 
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' M. 

440. SiqpfxMilig the %ir» parallax (at we taidy^tD* he 

the pandS^ of Voios will be 48^V/M93i wh^ sub* 

• '.v>, r*-' f 

* jr 

■ '■ -f ‘ k 

al iff in Ihx oiWt, and to be aartkd ftom <7 top by Aa lSat^V motiaii on its axH 
wbibi^emi wora ftom £ to e in her orbit; H Uioiiiobbna of V«ni» 

«nd Ab OoBf i* bW contnoy to cadi othen 

The true motion of Venna in bcv oibh, and eonaeqaentfy tibe «|ooe die aeons to 
ran over on the Sun*s disc in any pmi time, conld be seen only fhm the Eardi's 
•eotre C, which is at rest with raayect to tie aurthee. And aa seen fiem herjiath 
on the Sun would be in die rig^t Ub9 Tl fT; and her motion therein at ^ mte of 
Ibor minutaa of a debtee m an howr. F is tba pefait of Ac Sun's eaatan limb, whkh 
Teniu aeema to toudi at the mement of Iwr total hignas on the Sun, as seen ftoin 
Cy when Venus » at £ in her uid CTts Ae jioint of Ae Sun's western limli, 
^^kbAe aeema to touA at the moioenrof bar beginning of egress fkom Ac Sun, aa 
man ftaan C, when Ae is at« A her whit. 

When Ae mouA of the Ganges n at ai (A revoLvAg Arough Ae arc G ai g) Ae 
San A on its moidian. Tbereibre, sinoe G and g an equaDy distant Irom m at 
Ae hq^onAg and ending of the transit, A A plaA that the Sun will he as Ar east 
of Ae meridian of the Ganges (W G^wben Ae tianrit'b^iis, as it will be west 
of Ae meridian of the same place (revolved from G to g) when the transit ends. 

Bnt aUieu^ the begtnnAg of Aetiansii, or raAer Ae moment of Venus’s 
total Agreaa upon Ae Sun at F, as seen from Ae Earth's centre, must be when 
Venus A at A her orbit, becaiile she A then seen in the direction of Ae riglit 
fine C Jf F / yet, at Ae same Astant of dttie, as seen from Ae Ganges at G, As 
wfil be Aort her Agress on the Sun, being Aen seen eastward of hmi, in Ae 
rig^ lAeGJ^F, whiA mAes the sngA jTfi T (equal to the opposite angleGfC), 
whh Ac right fine C£ T. This angle A odled Ae angA of Venus's parallax from 
Ae Son, whidi retards the begAning of Ae transit as seen from Ae ban A of Ae 
(Sangea; so that the Ganges G mutt advance a Atb ArAer towards n, and Yt~ 
nns must movt on m her orbit from Jff .to il, before she ean be seen from G (A Ae 
ti|^JAe G Jt F> wholly withA Ae Sun's disc at-/. 

VcMMOomes to e A her orbit, she vrifi appear at { 7 , at seen from the 
XArA^ eenlre Cy jost begintiing to.Aove the Sun ; that is, at Ae banning of her 
qgmsa Ibotn hA western fimh. but, at Ae same Astant of time, as seen from At 
fl j hg te, whiA A Am at g* Ae wfil be qAte clear of Ae Sun towards the west; 
b e in g Am mM ^pm g A .Aa right fine g e which makea as at^iA, a»UeL 
dequuilW A% d | i poeite Agie Ceg) wiA Ae right line CeOt and tbu A the angle 
a(|^MiM's|MnNil^fAm the Sun, as sera from Ae Ganges at g, whanAe. A 
btfA^ing A'lcpora Ac Son at f7, a* seen from AcEarA's centre C. 

■Hera^ is plaioAi^^Ao-duration of the tianA about Ae mouA of Ae Ganges 
Itnifi alpo A the ne^^outAg pAces) wfll be dA>Aishcd by about doubA Ae quan- 
"ti^ of Venus'* pasa^fripn Uie*Sua A Ae bapmiing and ending of Ae transit. 
.l^M'Vmits muAlie til^^AJher oibA nben Aa. Awbdly upon the Sun at Ff. ar 
Am fsom Ct bat «t Aat -Ana pAs' A Aort of Ae Sun as seen 

from dha'jG|^at4fe at G, by Aa .'PAoie.qiiaaAy o| agstarn paraUax ftwn. A/ Sun 
. at thatfin^'-'a^ffi A the {lliA ^ " raly 23", though 

'^.A re pi MM AdjBA^ Aiger in Ae ||p%l.h!;|(ausa A* ElwA therein A a vast deal 
Mp/^l ** AAff 4' |n an hour, Ae will move 23" 

fio 4fi aaim^'s and Aeuftpe l^’ .tanA'w^.be. 6, nmiates dfi.acoonds 

lAdi^fragboing af 4e bAIn of Aa isi^m Ann at Ae EarA^s centre. When 
Aa tnAA 1* at Cfy M aaen from Aa EarA'a owtre at C, Vram\j0 b* 
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traotj^ the parallax of the Sun, there will remain 20^' lat least 
for tmThorizontai parallax of Venus fixun the Sun; and ^ere- 
fore th^motion of Venus will be increased 45^' at least by that 
*parallax,\vhUst she passes over the Sun's disc, in those eleva¬ 
tions of the pole which are in places near the tropic, and yet 
more 4ii the neighbourhood of the equator. Now, Venus at 
that time will move on the Sun'*s disc, very neaiiy at the rate 
of four minutes of a degree in an honr^ and therefore eleven 
minutes of time at least are to be allowed for 45% or three- 
fourths of a minute lof a degree; and by tjiis space of time the 
duration <of this •eclipse caused by Voius will, on account of 
the parallax, be shortened; and from this diortening of the 
time only, we might safely <mough draw a conclusion concern¬ 
ing the parallax which m'c are in scarcli of, provided die dia- 
nit ter of the Sun and the latitude of Venus were accurately 
known. But we cannot expect an exact computaliop in a mat¬ 
ter of ^uch subtility. 

ill. We must endea^ullr therefore to obtain, if possible, 
another observation, to lie taken in those places where Venus 
will be in the middle of the Sun's disc at midnight; that is, in 
places under the opposite meridian to the former, at about six 
liours or ninety degrees west of London; and where Venus 
enters upon the Sun a little before its setting, and goes off a 
little after its rising. And this will happen under the above- 
mentioned meridian, and where the elevation of the north pole 
is ulxiiit 5G degrees; that is, in a part of Hudson's Bay, near 
a place called Port-Nelson. For, in this and the adjacent 
places, the parallax of Venus will increase the duration of the 
transit by at least six miiiiites of rime; because, whilst the 
Sun, from its setting to its lising, seems to pass under the 
|x>lc, those placeii on the Kartli's^ disc will be carried with a 
motion from east to west, contrary to the morion oi the Ganges; 
that is, with a morion conspiring with the morion of Venus; 

quite deer of the Ghm (by the orhde qouility of her wutem <[^erallax Aom hint), 
«• from the Gaagoi, which k dten nt gt end tfak peraDete wdl he 22*, equl 
to the epeewdirou^ wbicb Tenue mowei Ih 6 miaiHee 30 eeoonde of dme; ao that 
the tihneit will end 5^ miaalM edhaor w Men ftem die Ganges, than ss awn Amb 
the Karth’a centre. 

Hence the whole cntnetioil of of the transit at the month of the 

Gai%es wi]l be 11 minntm 15 wcoodt of thne; for it ia 5 tohntes 45 woonds at 
tile bi^flnaiDg, and 5 miotttn 30 wooiids wtUie end. 
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and tbirelbre Venus will seen to move tnme i&iivljr en theSon, 
and to be longer in. pasaKi% over his disc.* / 

ther^oie, it should happen tludi.lhw ibniMi^s^ 
^pnepetlj^ ohserved by skilful persons at bbiht thi^ {^aces,-. 
M tt e^sar that the duraticHi thereof will be 17 minutes lon^, 
as 8eeiif'#KiBi PortJfdlsoii, tiuui as seen from die East Indtes. 
Kor is k of miich consecpienoe (if the Englidi dhall aft that dme 
ipve any attenUon to thH affair), whether the observation be 
made at F6rt>George« oopuno^y called Madras, or at Ben< 
jOQolen, OB die western shore of the island of Sumatra, near tlie 
equator. But if die French siioidd be disposed to take any piuns 
kj^eein, an observer may stotiQii himself oonvouently enough at 
^onididierTy, on the west dicire of the bay of Bengal, where 
' the altitude of the pole is about twelve degrees. As to the 
.Outchy their eelduuated mart at Batavia will afford them a 
{daoi'cf d^servatum fit Plough for this purpose, provided they 
ako hate but a disposition to Msbt in advanctng, in this paiv 

•* bi I%> taf Plate XV, let a C be the laeridian of ^ caitom numtb of the 
<>angtea, i C the meridian of Port-Nrison, at the moutli of Vork Aiver to 
JBuda(ni*a Bay, 6C* notth latitude. As the tneridian of tlie Ganges revoivca from 
«to c, the tneridiab of Port-Xebaa vBl moire ftom b to dt therafore, wliilst the 
^iiibgea lerohrea from Gtog, through rite arc G«g, Fort>Kelaon lerolreB the 
aoDtmty way (at seen from the Sun or VeniuQ from i* u* js, thtoqgh tha wc /* uyu 
Now, as the motmn Venua is from i? to e in her orbk, while riie seems to 
{nu over the Son’s disc in the right line TtU, m seen from the Earth's centre C, 
it is plain that, wlitist titc morion of the Ganges is eontrary to the motion of Ve> 
Oils tU'iler orbk; and thereby shortam the duration of the tranrit at that place, the 
amuiim of PmuKcbna is the wme way as the motion of Venus, and will tbarefoic 
inerease the duration of the transit; whkdi may in some degree be illustrated by 
atq^Kisiog that, whilst a ritfp is mndet sail, if two birds fry along the side of the 
«hip‘ in contrary directions to each other, flie bird wliich diet contrary to the motion 
«f the ehij^ will paas fry it aotmer frian the bird will wliich flies the aame way that 
abc shjpWHwes. 

Ic floe, >t.js ptain ^^frgure, (hat the duration ef tiie tnuait must bekwger 
«s seen from Port-X^n, than as seen from the Ewth!s centre; and longer as 
aeen from the l'krdlt% etdrie, than m seen from the month of tlie Ganges. P'or 
Ft»t.Xebon must belt I*, and Vaano at JV ih her orbit, when ahe appears wholly 
wlffliin the Sun ni Tf ood the aame pSaae muat be at p, and Vetma at % when riic 
Cppoara at Ij\ b^inpuig Vo leave the JSud. l%e Gangea mitit be «t .G, and, Vo 
oawat i?, when riie is seen from G'^pofr theBun at T-t and the aasie* pisce must 
be at g, and V«pns at r, when rite bcug^i.^ the Soft at 17, aa seen Anm g. 
Bo that VentM must move ham Jf to n Inher orfal^ wbilat she is seen to pass over 
rite Sun from Port>Nelson; from Mi mm 'ini| Bi i hig,e w « the Sun, as seen from the 
Earth's centre; and from U to r iridhfr ril«|j^ evar the Sun, aa seen'from 
theGan^ ^ <fi-' 
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ticul^y the kncnirledge 0f the heavens. And indeed I could 
wish many observations of the same phenmnenon might 
be Uk^by different persons at sevo'al places, both that we 
enight arave at a greater degree of cmrtainty by their agfiee- 
ment, and also lest any nngle observer dbould be deprived^ 
by the intervention of clouds, of a sight, which 1 know not 
whether any man living in this or the next age will ever 
sec again; and on which depends the certain and adequate 
solution of a problem the most noble, and at any other time 
not to be attiuned to. I recommend it therefore again and 
again to those curious astronomers, who (when I am dead) 
will have an opportunity of observing these things, that tl^y 
would remember this my admonition, and diligently ifpply 
themselves with all their might to the making this observatiem; 
and 1 eiu'ni'stly u tsh them all imaginable success; in the first 
place, tliat they may not, by the unseaspnable obscurity of a 
cloudy sky, be deprived of this most desirable aght; and then, 
that having ascertained with more exactness the magnitudes of 
the planetary orbits, it may redound to their immortal fame 
and glory. 

4m. We have now shewn, that by this method the Sun's 
jKirallax may be investigated to within its five hundredth part, 
which doubtless will appear wonderful to scone. But if an aocu<^ 
tale obseiA'ation be made in each of the places above marked 
out, we have already demonstrated that the durations of this 
eclipse nuule by Venus, will differ from each other by 17 minutes 
of time; that is, upon a suppoation that the Sun's parallax is 
18y'. But if the clifierence shall be found by observation to be 
greater or less, the Sim's ])arallax will be greater or less, nearly 
in the sanjc proportion. And since Vt nunutes of time are an- 
swefable to seconds of solar parallax, for every second of pa> 
rallax there will arise a difference of more than 80 seconds eff 
lime; whence, if we have this difference true to two seconds, it 
will be certain what the Sun's parallax is, to within a 40th part 
of one second; 'and therefore his dbtanoe will be determined to 
*wiAin its 500th part at least, if the parallax be not found less 
thai^what we have supposed; for 40 times make 500. 

444. And now I think 1 have explained this matter fully, 
and even more than I needed to have done, to diose who tin- 
jdeiktand astronomy: and I would have them take notice, that 
on This ocewtton I have had no regard to the latitude of Venus, 
both to avoid the inconvenience of a more intricate calculation. 
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wlii<A li>'oU)d'render the concluidon less evident; and als‘9*4ie- 
cauMT the motion of tlie notles of V^enus i« not yet disoc^rered, 
•mat can be determined but by sucdi conjunctions of tl^ planet 
•with the Sun as this is. For we conclude that Vennw will pa.s!t 
ibur minutes below the Sun's centre, only in conseqtieiwi;^ of 
the supposition that the plane of Venus's oHnt is imimiveahlc 
in the sphere of the fixed stars, and that its nodcss ri'iiiain in 
Uie same places where they w'ere fiiund in the year lf?89- But 
if Veiiub, in the yoju* 16T1, ‘•liould move over the Sun in a 
INith more to the south, it will Ik* manifest that her ootles ha>c 
fnoved backward among the fixed fttars*; anil if more to the 
north, that they have moved forp*ard ; and that at thi* rate of 
5^ flunutes of a degrw in 100 Julian years for e\erv mimite 
that Venus’s path nhall be more or less distant than the .ilnive- 
said four minutes from die Sun’s tvntre. Anil the ilifferencc 
Iwtween the durations of these eclijiseh will Ik* somewhat less 
than 17 miniiteb of time, on account of Venus’s south intit tide, 
l>ut greater, if, by the motion of the nodes forward, she should 
pass on the nortli of the Sim's centre. 

But, fur the sake of those who, though they are delighted 
with sydereal obscrsations, may not have yet made tlieniseUes 
acquainted with the doc*triiie of parallaxes, 1 choose to explain 
the thing a little more fully by a scheme, and al.su by a c.ilcti- 
lation somewliat more accurate. 

445. Let tih sup]K>se that at JLondon, in the year 17f)l, on 
the 6tb of June, at 5.5 minutes after V in tin* morning, the 
Sun w*!!! be in Gemini 15' 57% and therefore that at its 
centre the ecliptic is iricliiH*d towards the north, in an angle of 
6® Ilf: and that the v'itable jiath of Venus on the Sun’s disc 
at that time declines to the south, making an angle W'illt the 
ecliptic of 8“ 28': then the path of Venus will also be iiiclMied 
to the south with respect to the eijuator, intersecting the parhl- 
iels of decimation at an angle of' 2® 18'Let us also sup|H)se 

f This V3« an oveiiH^t in the doctor, occasioned by his pilaciiig both the EartiiN 
«vis B Vfi 2 irf* l*hue XV), ond the axis of Venus's orbit C if, on tlie same 
aide Of thejijus of the ecliptic C K t Hat former making an angle of 6* KT there, 
wnh, and die latter an ang^e of 8» 88'; the dtfibrence of which angles is only 
18'. Hat the truth is, that the Karth's axis and the asis of Venus’s orbit will 
then he on diffbrent sides of the axis of the eelipde, the fonder making an at^lc of 
4t* therewith, and the latter an angle of 8|*. Theiefloro the sunn of these angles, 
whidi b Hi* ifitid. net their (Uffereaec, 2* IS'), is the iadinatkin of Ventu'syir 
uUe to tUs cijuator, and puallcb of dechnation. * 
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that«^enus, at the forenientioned time, will be Rt bet least 
distance from the Sun^s centre, viz. oftly four minutes to the 
south; that every hour she will describe a space of four 
Riinutcs on the Sun^ with a retrograde motion, 'il^e Sung's se- 
midianieter will be 16^ 51" nearly^ and that of Venus 
And let us suppose, for trial‘'s sake, that the difference of the 
.horizontal parallaxes of Venus with the Sun (which we want) 
is 31", such as it comes out if the Sun's parallax he supposed 
12 J". Then, on the centre C (Plate XV, Fig. 2), piateXV, 
let the little circle J By representing the Earth's Fig. 2. 
disc, be described, ;'nd let its semidiameter C 5 be 31''; and 
let (he elliptic parallels of 22 and 56 degrees of north latitude 
(for the (ranges and Port-Nelson) be drawn within it, in the 
manner now used by astronomers for constructing solar eclipses. 
Let ^ ^ he tlie meridian in which the Sun is, and to tliis 

let the right line F H Gy representing the path of Venus, be 
inclined at an angle of 2" 18'; and let it be distant from the 
centre C 240 such parts, whereof C B is 31. From C let fall 
the right line C Hy perpendicular to F G; and suppose Ve¬ 
nus to be at ^ at 55 minutes after V in the mormng. Let 
the right line FUG he divided into the horary spaces HI IV, 
JV V, V VI, See. each equal to C H; tliat is, to four mi¬ 
nutes of & degree. Also, let the right line L M he equal to 
the difference of the apparent seniidiameters of the Sun and 
\ enii.s, wliich is 15' 18^'; and a circle being described with 
the radius L My on a centre taken in any point within the 
little ciirlc j 4 By representing the EarthV disc, will meet the 
tight line jp <7 in a point denoting the, time at London when 
Venus shall touch the Sun's limb internally, as seen from the 
place of the Earth's surface that answers to the point assumed 
in the.pfarth's disc. And if a circle be described on the centre 
Cy ^ith the radius L My it will meet the right line F G in the 
points F and G; and the spaces F H and G H will be each 
efjual to 14' 4", which space Venus will appear to pass over in 
three hours 40 minutes of time at London; therrfore F will 
•fall on two hours 15 mmute.s, and G in nine hours 35 minutes 
ill the.moniing. Whence it is manifest, that if the magnitude 
of the Eaith, on account of its immense distance, should va¬ 
nish as it were info a point} or if, being deprived of a diur- 
’oaLmot ion. it should alwaya have the Sun vertical to the same 
point??, the whole duration of this edipse would he seven hours 

eoL. II. > 
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.^U minutes. Btlt the Earth in that time beiiijCf whirled th^u^h 
110 decrees of longitude, with a motion contrary to the motion 
•*f Venus and consequently the alx)vc>mentioiied dilation l)c- 
ing contracted, suppose 12 minutes, it will cuine^ut s(‘ven 
hours eight minutes, or 107 (iegrws, nearly. 

446, Now, V enus will Ik* at //, at her lea.st distance Irom 
the Sun's centre, when in the meridian of the eastern mouth of^ 
the Ganges, where the altitude of the |K>le is ulxiut de¬ 
grees. The Sim therefore will be ecpially distant fmm the me¬ 
ridian of that place at the moments «)f the ingres> an<l egre-s 
of the planet, viz. 5.*!^ degrtn;.-; as the points a and (repre¬ 
senting that place in the Earth's disc J B) are, in the greater 
|iarallei, from the meridian B Hut the diameter ^./‘of 

that parallel will Ik* to the distance u h as tlu* stpiare of the 
radius to the rectangle under the sines of and (IH degret's, 
tliat is, os 1' 2" to 46" 16'". And by a gcxal ealeulaiion 
(which, that I may not tire the reader, it is Ix-tter to tanit), I 
tind that a circle described on n us a centre, with the radiU'- 
L J/, will meet the right line FII in the point J/, at two h()ui>, 
20 minutes 40 seconds; but that being dr-.t-nhed round h as a 
centre, it will meet // G in the jx)int A' at miu* hours 29 mi¬ 
nutes 22 .second.s, according to the time roekoned at Eondon . 
and therefore Venus wdl he .seen entirely within the Sun at 
banks of the Ganges for 7 hours 8 mi.'iuti's 42 seaauU; we 
have then rightly supjxjsed that the duration will be 7hoiiis 
8 minutes, since the part of a minute lure Is of no coose- 
q lienee.. 

But adapting the calqulalioii to I'oit-N'eUon, 1 iind that the 
Sun lK*ing almut to set, Venus will laitcr his disc; and imme¬ 
diately after his nsiiig, she will lea^e the same. That pluee is 
carried in tlie intermediate time through the hemi.sphcre oppo¬ 
site to the Sun, from c to d, with a motion conspiring with ^he 
motion of Venus; and therefore the stay of Venus on the Sun 
will l>c about 4 minutes longer, on account of the p.arallax ; so 
that it will be at least Tliours 24 minutes, or 111 degrees of the 
cipiator. And since the latitude of the place is 56 degrees) a.s • 
the square of the radius is to the rectangle contained under the 
signs of 55^ and 34 degrees, so is .d B,- which is 1' 2", to cd, which 
is 28" 38"'. And if the calculation lie justly niAle, it will a|)pear 
thatadrcle descrilicd on cas a centre, with the radius LAf, will. 
meet the right line FII in O, at Iioura 12 minutes‘45 se- 
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t'onJs; and that buch a circle, described on d as a centre, will 
meet 11 0 in P, at 9 hours 3C minutes 37 seconds; and tliere- 
forc the duration at Port-Nelson will be 7 hours 23 minutes 

seconds, which is greater than at the mouth of the Ganges 
by 15 minutes 10 seconds of time. But if Venus should jjass 
over the Sun without having any latitude, the difference would 
, be 18 minutes 40 seconds; and if she should pass 4' north of 
the Sun's centre, the difference would amount to 21 minutes 
40 seconds, and will be still greater, if the planet's north lai« 
tiliuh* be more increased. 

117. From the foregoing hypothesis it follows, that at Lon- 
ih»n, when the Sun rises, Venus will have entered his disc; 
and that, at 9 hours 37 minutes in the morning, she will touch 
the limb of the Sun internallv in going off; and, la.stly, that 
she will not entirely lea\e the Sun till 9 hours 56 minutes. 

i IS. It likewise follow's, from the same hypothesis, that the 
eintie of Venus should just touch the Sun's northern limb in 
tile \cdr 1769, on the 3d of June, at 11 o'clock at night; so 
that, on account of the parallax, it will a]){)ear in the northern 
parts ol Norway, entirely within the Sun, which then docs not 
set to those ports; whilst, on the coasts of Peru and Chili, 
It will seem to travel over a small jxirtion of the disc of the 
s(‘tting Sun; and over that of the rising Sun at the Molucca 
isKiiuls, and in their neighbourhixxl. But if tlio nodes of Ve¬ 
nus ho fiiiind to have a retrograde motion (as there i.s some 
nasi in to btiit\e, Irom stiine later observations, they have), 
then \eniib will be seen everywhere within the Sun’s disc, and, 
will afford a much better method for finding the Sun’s paral¬ 
lax, hy almost the givatest difference in the duration of these 
«tli|)ses that can jxissihly happen. 

Bi\t ^low lhi.-» parallax may be deduced from observations 
made .somewhere in the Ea.st Indies, in ilie year 1761, both of 
the ingress and egres.s of Venus, and compared with those 
made in its going off w'ith us; namely, by applying the angles 
of a triangle ^ven in specie to the circumference of three 
etjual circlc.s, shall be cxplmncd on some other occasion. 
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Amt. the whok M^vod proposed hy Dr, 

HaUey emmt be put m practice. 

lUttufa «n’ above disaertation, t}ie doctor has ex- 

t>r. tiyiqr** plained his method with great modesty, and even 
Diswitation. some doubtfuIness with regard to it^ full v»ic- 

cess. For be tells os that the Sun's poiwllax may only be 
determined within its dvc hundredth part thereby, provided it 
be not less than 1!^$"; that there may be a good observation 
made at Port-Nelscm, as well as about the banks of the Ganges; 
and that Venus does not pass more than four minutes of a de> 
gree below the centre of the Sun's disc. He has taken all 
proper pains not to raise our expectations too high, and yet, 
from his weM known abilities and character as a groat astrono¬ 
mer, it seems mscnkind in general have laid greater stress u^xm 
his method than he ever desired tlwm to do. Only, as lie n as 
convinced it was the best method by nhicli tins important pro¬ 
blem can ever be solved^ he recommended it warmly for that 
reason. He had not then made a sufficient number of obscr- 
vatioos, whereby to determine with certainty whether the nudes 
of Vmius's orbit have any motion at all; or, if they have, 
whether it be backward or forward witii respect to the stars . 
and consequently, having not then made his own tallies, he was 
Mlged to calculate from the best that he could find. But 
those tables allow of no motion to Venus's nudes, and also reckon 
her conjunction wkh the Sun to be about hxilf an hour too 
iaier 

450. But more modem observ'ations prote that the nodes of 
Venus^s orbit have a motion bockwai'd, or contrary' to the order 
of the ttgns, with respect to the fixed stars. And this inodon 
is allowed for in the doctor's tables, a great part whereof were 
made from hia own observations. And it appears by these 
tlsbles that Venus will be so much farther past Iwr descending 
node at the time of this Iranut, than she was pest her ascend, 
ing node at her transit in November 1639, tliat instead of 
passing only four minutes of a degree bdlow the Sun's centre 
in this, site will pass almost 10 minutes of a dcgiee below it i 
ouijphich account the line of bir tnuuat will be so much short- 
as will make her passage oyer the Sun's i£sc about an 
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houV and SO minutes less than if she passed only 4 mL 
nutes bdiow the Sung's centre, at the middle of her transiL 
And therefore ho* parallax from die Sun will be so much 
Iminished, both at Ae beginning and end of her transit, and at 
a!) places from which the whole of it will he seen, that the 
diiference of its durations, as seen from them, and as sup- 
* posed to be seen from the Earth's centre 4 will not amount to 
11 minutes of time. 

451. But this is not all: for although the transit will begin 
lieforc the Sun sets to Port-Nelson, it will be quite over before 
he rises to that place next morning, on account of its ending 
.so much sooner than as ^ven by the tables to which the doctor 
was obliged to trust; so that we are quite deprived of the ad- 
santage that otherwise would have arisen from xihswarions 
made at Port-Nelson. 

45S. In order to trace this affair through all its intricacies, 
and to render it as intelligible to the reader-as I can, there will 
he an una^'oidable necessity of dwelling m^Jch longer upon it 
than I could otherwise wi^. And as it is impossible to lay 
down truly the parallels of latitude, and the situations of places 
at particular times, in such a small disc of the Earth as must 
be projected in such a sort of diagram as the doctor has given, 
so as to measure thereby the exact times of the beginning and 
ending of the transit at any given place, unless the Sun's disc 
be made at least SO inches diameter m the projection ; and to 
which the doctor did not quite trust, without roidcing some 
calculations; I shall take a different method, in which the 
Earth's disc may be made as large as the operator pleases; but 
if he makes it only rix inches in diameter, he may measure the 
quantity of Venus's parallax from the Sun upon it, both in Ion. 
gitude and latitude, to the fourth part of a second, for any given 
time and place ; and then, by an easy cah:ulation in the com¬ 
mon rule of three, he roAy 6nd the effect of the parallaxes on 
the duration of the transit. In this, I shall first suppose with 
the doctor, that the Sun's horizontal parallax is ; and 
consequently that Venus's horizontal pandlax from the Sun is 
31". And after projecting the tranrit, so as to find the total 
effect of the parallax upon its duration, I diall next shew how 
near]y the Sun's real parallax may be found from the observed 
'iiitefrals between the times of Venus's egress from the Sun, at 
particular places of the Earth; which is the method now taken 
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both by tile English and French a<«tjrononicrs, and ia a surer 
way whereby to come at the real quantity ol' the Sun's jiarol- 
lox, than by ubseWing how much the whole contraction of’ du¬ 
ration of the transit is, either at Beiicooien, Batavia, or Ton. 
dicherry. 


Art. \.^Sheti^ing' how to piqjcrt the Transit of r<M«A on 
the SuiCs DUc^ as seen from different Plare^ of the Katth^ 
so as to Jittd tehai its visible Duration must In at ani/ «•/.•» a 
Pktee, according' to ant/ assumed Paralla,r nf the Sun , and 
Jrom the (deserved Intervals behoien the Times q/'\\nus\ 
Egress Jrmn the Sun at particular Placis^ to find tin Sun's 
true fu)ri;xnUal Parallajc. 


FJemennof clcincnth for tills pn>ji-t lion .»•> (i !- 

tile tnnut of low :— 

Venus. j ^,„j| 

Venus, which, as si'cn from the Karth's centre, and rccLoiud 
according to the etpial time at London, is, on tlu f li ol 
June 17()1, at 4() iiiimiles 17 seconds alter \ in tlu inoin- 
ing, according to Dr. Halley's tables. 

II. The geocentric latitude of Venus at that time {)' ‘hi' mutli 

III. The Sun's .semidianieler, 15' 50". 

IV. The somidianieter of Veiiu.s (frtiiii the doctor's <lis.seri.t- 
tion) 

V The dift'ereiicc of the semuluuictcis of the hiiii and Ve¬ 
nn?, W 12i". 

VI. Their sum, 16'27* 

VII. The visible angle which the transit-line makes with the 
ecliptic, 8° 81'; the angular jxiint (or descending ikhU*) be¬ 
ing 1° 6' 18" eastward from tlie Suii, as seen fioiii the 
Earth; the descending nolle beingtn f 14 29' 87", as sten 
from the Sun; apd the Sun in il 15“ 85' 55", as H*eii from 
the J^<arth. 

VIII. The angle which the axis of Venus’s visible path makes 
with the axis of the elliptic, 8® 31'; the southern half of 
that axis being on the left hand (or eastward) of the axis 
of the ecliptic, as seen from the nortlicrn hemisphere of 
the Earth, whkh would be to the right hand, as seen 

the Sun.' 



CH. XXIII. 


OF Tin: PLANETS F&,OM THE 8UH. 


55 


IX.* The angle whicli the Earth's axis makes with the axis of 
the ecliptic, as seen from the Sun, G'; the southern half of 
the Earth's axis lying to the right hand of the axis of the 
ecliptic, in the projection, which w'ould be to the left hand as 


seen from the Sun. 

X.^Thc aiiffle which the Earth's axis makes with the axis 


• of Venus’s ^i-ibIc path, 14" 51', \iz. the sum of Nos. VIII 


and IX. 


A I. 'I'Ik true motion of Venus on the Sun, given bv Uic tables 
as if it w en* seen from the Earth’s centre, 4 minutes of a 
tli'gree in 60 minutes of time. 

451. These elements W'ing collected, make a Mcthwlof 
'C.ile ol’ any e<*mtnient Icngtli, as that of Fig. 1 in 
l’lat{* XVI, and divide it into 17 etjual parts, each piate XVr, 
where«»f .shall be taken for a minute of a degree; 
then diMtle the minute next to the left hand into 60 cijuai 
p.u'ts for si*eoiid.s, by diagonal lines, as in the figure. 'I’he 
lensou for diNuling the seaJe into 17 parts or minutes is, be¬ 
cause the sum of the semuliameters of Uie Sun and Venus ex¬ 


ceeds ]{> minutes of a degree.—See No. \ I. 

'155. Draw the right line A C G (Fig. 2) for a 

~ ^ ^ 1 111 * 
small })!ut of the ecliptic, and jwrpendieular thereto 

(haw the ngiit line C v E for the axis of the ecliptic on the 

southern half of the Sun’s disc. 


156. Take the Surfs scmidianieter, 1.5' 50", from lire scale 
villi our compasses; and, vitli that extent as a radius, set 


one loot in C sis a centre, and deserilie the scniidrcle A E G for 


ilu' southern half of the Sun's disc, because the transit is on 
tJiat half of the Sun, 


457. ^Take tlie geocentric latitude of Venus, O' 45', fmiii 
ihc srale with your eoinjiasses; and set the extent from C to 
on the axis of tlie ecliptic: and the point v shall be ihe j)Uu*e 
of ^ onus's centre on the Sun, at die tabular moment of her 
conjunetiou with the Sun. 

458. Draw the right line CUD, making an angle of h',51 
with the axis of the ecliptic, towards the left hand, and this 
line shall represent the axis of Venus's geocentric \idblc path 
on die Sun, 


459* Through the point of the conjunction zi, ip the a\i.s «>t' 
die ecliptic, draw the right line g^rforthc geocentric li^ible 
IKitli of Venus over the Sun's disc, at right angles to C li JK 
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the axis of her orbit, which asdt will divide the hne of "her 
path ioto two equal parts g i aod tr. 

460. Take Venus's horary motion on the Sun, 4', from the 
scale with your oompOases; and with that extent make marks 
along the transit.line qtr. The equal spaces, from marie to 
mark, shew how much of that line Venus moves tlirough^ in 
each hour, as seen from the Barth's centre, during lier (*onti- 
nuance on the Sun's diai'. 

461. Divide each of these horary spaces, from mark to 
mark, into 60 equal parts for minutes of time; and set die 
hours to the proper marks in such a manner that the true tune 
of conjunction of tire Sun and Venus, 461 minutes after V in the 
morning, may fall into the point r, where the transit-line cuts 
the axis of the ecliptic. So the point v shall denote the place 
c»f Venus's centre on the Sun, at the instant of her ecliptical 
ccmjunction with the Sun, and t (in the axis C t D of her orbit) 
will be the middle of her transit, which is at S4 nniiutes after 
V in the monring, as seen from the Kartli's centre, and reckon, 
cd by the equal time at Loudon. 

462. Take the difference of the seinidiameters of the Sun 
and Venus, 15' 12^", in )our conipas^fcs from the scale, and 
with that extent, setting one foot in the Sun's centre C, de. 
scribe the arcs and 7'mth the other, crossing the transit, 
line in the points k and 1; which are the points on the Sun's 
disc that are hid by the centre of Venus at the moments of her 
two internal contacts with the Sun's limb or edge, at M and 
JV.* the former of these is the moment of Venus's total ingress 
on the Sun, as seen from the Earffi's centre, which is at 28 
minutes after II in the morning, as reckoned at London; and 
the latter is the moment when her egress from the Sun begins, 
as seen from the Earth's centre, which is 20 minutes after VIII 
in the ntbming at London. The interval between these tViro 
contacts is 5 hours 52 minutes. 

* 463. The central ingress of Venus on the Sun is the mo¬ 
ment w'hen her centre is or the Sun's eastern limb at u, which 
is at 15 minutes after 11 in the morning; and her ceiftral 
egress from the Sun is the momirot when her centre is on the 
Sun's westmi limb at w, wbidi is at 83 minutes after VIII in 
the morning, as seen the Earth's centre, and reckone<l 
according to the time at Lemdon. The interval between these 
times is 6 hours 18 minutes. 
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4G4. Take the sum of the semidiametera of the Sun and 
Venus, lO' in your compasses fit>m the scale, and with 
that extent, setting one foot in the Sun's centre C, desnibe 
' the arcs Q and R with the other, cutting the transit-line in the 
points q and r, which are the pmnts in open spaee (clear of 
th^ Sun), where the centre of Venus is at tlie moments of her 
two external contacts with tiie Sun's limb at and W; or the 
niomcnts of the begipning and ending of the tran.dt, as seen 
from the Earth's centre; the former of which >is at 3 nunutes 
after 11 in the morning at London, and the latter at 45 mi- 
niites after \ III. The interval betwera these moments is 6 
hours 452 minutes. 

465. 'fake the semidiameter of Venus, 371", ® your corn* 
pas^CvS from the scale; and with tliat extent as a radius, cm the 
{loiiits q, k, ty ly r, as centres, describe the circles ff S, M 
OFy PNy \V Y, for the disc of Venus, at her first contact at 
Sy her total ingress at if, her place on the Sun at the middle 
of her transit, her beginning of egress at N, and her last con¬ 
tact at fV, 

466. Those who have a mind to project the Earth's disc cm 
the Sun, round the centre C, and to lay down the pa> 
rnilelsof latitude and situations of places thereem, according 
to ])r. Halley's methcxl, may draw Cf for the axis of the 
Earth, prcKluced to the southern edge of the Sun at J"; and 
making an angle £ Cy* of 6® with the axis of the ecliptic CKi 
but he will find it very difficult and uncertain to mark the places 
on that disc, unless he makes the SunV semidiameter A CIS 
inches at least; otherwise the line C'/* is of no use at all in this 
projection. The following methcxl is better 

467., In Fig 3 of* Elate XVI, make the line A B .phie XVI, 
of any convenient length, and divide it into 81 
(X]ual parts, each whereof shall be taken for a second of Ve> 
iiiis's parallax either from or upon the Sun (her horisontal pa¬ 
rallax from the Sun being supposed to be 31"); and taking 
tlie whole length A B ’m your enmpasses, set one ^ 

toot in C (Fig. 4) as a centre, aod describe the 
c'ircle AE B D for the Eartii's enlightened disc, whose dia¬ 
meter is 6^, or double the horisontal parallax of Venus from 
the Sun. In this disc draw ACB for a small port of the 
ecliptic, and at right ailgles thereto draw ECt> ibr the axis 
of the ecliptic. Drftw also NCS, Voth for the Jiarth's axis 
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anil universal sular meridian, making an .angle of C* with the 
axis of the ecliptic, as seen from the Sun ; H Cl for the avit» 
of Venus’s orbit, making an angle of S'* 81' with JC C Z), the 
axis of the ecliptic; and, lastly, VCO for a small |iart of Ve¬ 
nus's orbit,, at right angles to its axis. 

468. This figure represents the J^th’s* onlighteneil disc, tis 
seen from the Sun at the time of Ujc transit. The parallels of 
latitude of I.ondon, the eastern mouth of the li^^nge^, Hen- 
C(M>len, and the,island of St. Helena, are laid down in it, in 
the same manner as thc\ Mould ap{X‘ar to an oliM'iAer on tin 
Sun, if they were I’eally drawn in eirele.s on tlie liarlh's sur¬ 
face (like those on a eoininon terrivstrial glol>e), aixl loiild he 
visible at such a distance. The niethcxl of ilclincaling the‘«e 
jxiraliels is the same as already descTibed in the 19th chajiter, 
for the construction of solar ecUpsi's. 

469. The )>oint.s vhere the ciirMxl hues (euliid liour-cir- 
flo.>) XI jV, X &c. cut the |>uralIeU of latitude, or path*, 
of tlie four plac'Crt aboie mentioneil, are the jioints at winch tlie 
jdaees ihemselves would ajipear in tlu' disc, as stH'ii from the 
Sun, at these hours res]K‘eluely- IVliin either place comes to 
the solar meridian *Y c S by the JCartli's rotation on its a\is, it 
is ntKni at that plaei*; and tiie dilfereiuv, in absolute tinus be¬ 
tween the iKxm at that jilate and the iiiKUi at :in\ other jilace, 
i.s in projxirtion to the tlifferetKX' of longitude of these lw<» 
places, reckoning one liour for e%i‘ry 15 degrees of longitude, 
and 4 minutes for each degree; adding the time if the longi¬ 
tude be east, but subtracting it il’lbe longitude be west. 

470. The distance of tither of tluse ]>laees fiom i/f'/, the 
axis of Venus's orbit at any hour or p.irt of nii hour, luiug 
measured upon the scale A Ji in J'lg. .5, will be equal to \c- 
tiiis’s parallax in longitude, cither on or from the Sun; and 
this parallax, being always contrary to the pisition of the plavc, 
is eastward as long as the place Keeps on the left band of the 
axis of the ecliptic, as seen from tlie Sun ; and westw’urd when 
the place gets to the riglit hand of‘ the axis of the eclijitic. So 
that, to all tile places which are posited in the hemisphere U 1' 1 
of the disc, at any given time, Venus has an eastern poralla.v of 
longitude; but when the Earth’s diurnal motion carries the 
same places into the hcniisphefe HO 1^ the parallax of Venus 
ia westward, 

471. When Venus has *a parallax tpword the east, as seen 
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from any pivcn place on the Earth’s snpCoce, either at the time of 
her total inf^esH or l>egfinnin^ of egre^s^ as seen from the Earth’s 
centre; add the time answering to this ymrallax to the time of 
ingress or egress at the Earth’s centre, and the sura will be the 
time thm’of, as seen from the given place on the Earth’s surface: 
hu^ when the parallax is w'cstw’ard, subtract the time answering 
•thereto from the time of total ingress or beginning of egress, 
.is se<n from the Earth’s centre, and the remaindei v\ill be the 
lime, ns s(‘eii from the gi^en jdace on the surface, so far as 
it is nfleeteil by this puniliax. The reason of this is plain to 
l\lr^ one who considers that an eastern parallax keeps the 
jilanet b.iek, and a western parallax carries it forward, witli re., 
spiet to its tine ])laec or jMisitum at any instant of time, as seen 
Irom the Ivii Ih’.s centre. 

nJ. Tin. ne.arest distance of any given place from V C 
tile plane of \ eiuis’s oibit at any hour or j)art of an hour, 
Iiemg measiirtd on the scale Ali 'm Elg. will be equal to 
\ euus\ |»ariilla\ lu latitude, wliieh is northward from the true 
hue of her path on the Sun, us seen from the Earth’s cetilre,/ 
li’ the givtn place be on the north side of the plane of her 
oil'll VC O on the Earth's disc ; and the contrary, if the gl\eri 
j laee be on the north side of that })l.uie; that is, tb.e paiaJlax 
1 ^ .ilwa\s (oiilrarv to the situation of the place on tlie Earth’s 
disc, with le'.jicet to the plane of \'emis’.s orlnt therexm. 

Vt'd, -\s the line of Venus’s transit is on the southern hemis¬ 
phere of the Sun’s disc, it is plain that a northern parallax in 
lier^latilude will cause her to describe a longer line on the Sun, 
tlian if she luul no such parallax ; and a southern parallax in 
iuliiude w'iil cause her to dcscTibc a shorter line on the Sun, 
than ii'she hail no sinh ])ara]lax. And the longer this line is, 
the st'oner will her total ingresilbc, and the later will be her 
beginning ol’ egress ; and just the coiilrarv, if the line he shorter. 
Hut, to all jilaees situated on the north side of the plane of her 
orbit, in the hemis]>here T II (), the parallax of* latitude is 
south ; and to all ])Jaces situated on the south side of the jilane 
oV hrr orbit, hi the hemisphere T 7 O, tlie ])iu‘ttllax of latitude 
is north. Therel'ore, .the line of the transit will be .shorter to all 
places in the hemisphere VII than it will he as seen from 
the Earth’s centre, where there is no }>arali.ix at all; and longer 
' to all places in the hemis)ihcre V I O. So that tlic time an¬ 
swering to this |wallax must bi^ added to the lime of toUil in- 
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gress MB seen iiwn the Earth's centre, and subtracted from the 
bq^nniDg of ^ress as seen from the jSarth's centre, in order to 
have the true time of total ingress and beginning of egress as 
Been from places in the hemisphere V H O: and jut.t the re. 
verse fear places in the hemisphere V I O. It was pi^^icr to 
mention these cirrumstances, f<>r the reader's more easily ty’m. 
ceiving the reason of applying the times answering to the paral. 
laxes of longitude and latitude in the subsequent part of this 
article: for it is their sum in some cases, and their difference in 
others, which being applitxl to the times of total ingress and 
beginning of egress as seen from the Earth's centre, that will 
give the times thereof as seen from the given places on the 
Earth's surface. 


474. The angle which the Sun’s semidiameter subtends, as 
seen from the Earth, at all times of the year, has been so vt c'H 
ascertiuned by late observations, that we can make no dmibt of 
its being 15' 50" on the day of the transit; and V'enn.s's lati¬ 
tude has also been so well ascertained at many different time.s of 
late, that we have vciy good reason to believe it w ill he 9' 43" 
south of the Sun's centre, at the time of her conjunction with 
the Sun. If, then, her semidiameter at that time he 37|" (as 
mentioned by Dr. Halley), it appears by tlie projection (Fig. 2), 
that her total ingress on the Sun as seen from the Earth's cen¬ 
tre, will be at 28 minutes afVer II in the morning (^ 462), and 
her beginning of egress from the Sun will be 20 minutes after 
•VIII, according to the time reckoned at London. 

475. As the total ingress will not be visible at London, .we 
shall not here trouble the reader about Venus's parallax at that 
^ime. But by projecting the situation of London on the Earth's 

disc (Fig. 4) for the time when the egress begins, we 
Fig* jj ^.jjl BlB§, as seen from the Sun. > 

Draw I d parallel to Venus's orbit V C O, and I u perpendi¬ 
cular to it: the former is Venus's eastern parallax in longitude 
at her be^nning of egress, and the latter is her southern paral- 
lax in latitude at that time. Tdke tliese in your compasses, and 


measure them on the scale A B (Fig. 3) and you 
will find the parallax in lon^tudp to be lOf", and^the 
parallax in latitude to be 21 

476. As Veiiua's true motion on the Sun is at the rate of 4 


mbiutes of a degree in 6o minutes of time^ (see JSo. 11 of § 45S), 
say, as 4 minutes of a degree is to 60 minutes of thne, so is I0|" 
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of a degree to 2 minutes 41 seconds of time $ wbicdi b^g added 
to 8 hours 20 minutes (licoause this patallax is eastward, 
4'^!), gives 8 honrs 22 minates 4l seconds^ for the beginning of 
egress at London, as affected onty by this parallax. But, as 
VencMi^tM a soothern pmallax of latitude at that time, her be- 
giiiiHig\f egress will be sooner; for this parallax diortens tiie 
. liiii^of lier visible transit at London. 

As this parallax of latitude is 21 1" south, add it lo \ onus’s 
latitude & 43", and the sum will be 10' 4J"; which is lo be 
taken from the scale in h'lg. 1, and set from C to L in Fig. 2. 
And then, if a Ime be drawn parallel to i it will terminate at 
tlie point p ill the arc whei^ Venus’s centre will be at the 
beginnmg of lier egress as ^een Ironi London.^ But as her cen¬ 
tre is at / a lK?n her egress begins as seen from the ICorth’s cen¬ 
tre, take L p in your conipasseA, and setting that extent from i 
lovards I on the central transh-Hne, yon will find it Ut be 5 mi*- 
nute^ shorter than t i: therefore subtract 5 minates from 8 
hours 22 minutes 41 seconds, and there will remain 8 lioui's 1 ^ 
minutes 11 seconds for the visible beginning of egress in the 
morning ut London. 

477 At 5 hours 24 minutes (which is tl>e middle of the 
transit as seen from tlie Earth’s centre) London will be at Z on> 
the Earth's disc (Fig. 4) as seen from the Sun. The ^ 
^larallax of lon^tude £ o is then2J"; by which^ 
working as above directed, we find the middle of the transit, as 
seen from London, to be at 5 hoars 20 minutes S3 seconds. 
This is not affWted by the parallax of latitude L t. But L t 
mea.sures 27'^ on the ^le A B (Fig. 3); dierefore ^ 
lake 27' from the scale in Fig. 1, and set it from t 
to Lj on the axis of Venus's path hi Fig. 2, and laying a ruler 
to thft pmnt Zy the above &und point of egress Pf draw 
o L p for the line of the tranat as seen from London. 

478. The eastern pouth of the river Ganges is 89 degrees 
east from the meiidian of London; and therefore, when the time 
at London is 28 minates after II in the morning (§ 462), it is24 
imnuCcspast VIII in the morning (by § 469), at tlie mouth of the 

« 

» The xeuon why Ae Wnei • Z a iTb, et, and rt, which are the vkiblc 
at London, Beneoolen, the Ganges month, and St. ate not panllel to the 

central tmuit-line beesuae the paralluet in latitude are different at the timee 

of.ingf<m and egress, as sera from eadi of thete plScet. The method of dawing 
these lioss will be ibewti tqi and by. 
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Ganges; and Hhen it is 20 niiHutes past VIII in the iiuiriuiig 
at London (§ 462). it i.s 16 minntoH past II in tlie ai‘toniiM>u ut 
llu* Giuiges. Therefijrt*, by ]m>jt*ctiiig that place njxin the 
likirtirh disc, as acen from the Sun, it uill he at G (in Fig. 4) 
at the lime oi’ Venus's total ingress, as seen IVoni tJie 
centre, and at Mhen her egress Liegins. 

Draw G c aiui ^ r |Kirallel to tlic orbit of V’eiius I' C O, .nul 
mensuiv them on tlie scale A B in I'lg. 6; the iiinner will he 
21" lor Venus’s ea‘«teni jinruliax in longitude, at the aU)\e- 
inentioned tiinc of her total ingre»», and the latter will he 16{' 
for her western fiaralfax in longitude at the lime when her egress 
licgins. The former {larallax gives 5 minutes 1.3 secomlsot time 
(by the analogy in ITC) to he added to 8 hours SI uiiiiiit(<>, 
and the hitter })aralla\ gives 4 minutes 11 seeoiuU to be sub¬ 
tracted from 2 hours 16 minutes; h\ which we li.oe .S linin'- 
2£) mimitis 1.3 si'coiui", lor the time of total ingiessas •'len fioni 
the hank', of the Ganges, and 2 lionrs 11 minute'. 49 sucnuls 
f' r the beginning of egress, as affeeled by these par.ill.isi . 

Draw G/* jKTjX'iulicular to Vtmis’s oihii, VOC^ and hv 
measurement on the ‘•(ale J/? (Fig. .S), it will he found to 
contain 10 ; which being taken from tin scale in I’lg. 1, ;m(l 
.set off southward Irom the jMJint of total ingress k (Fig. 2, .is 
seen from the F..irtir.s centre) puiullel to tlie axis ol Xciius's 
p;ith, it will fall into the ])uint c on the arc N’. Diaw 67, and 
taking the txti'iit tc in voiir compasses, and applving it from 

t towards A, you will find it to full a minute short of k; which 

•> 

show.s, that Venus's parallax m latitude shortens the Ix'ginninn 
of tlte hue of her visible transit at the Ganges by one minute 
of time. Therefore, ns this makes the visible ingress a minute 
later, add one minute to the alxive 8 hours 29 minutes 15 .se> 
cond.s and it will give 8 hours 80 mimites 1,3 .seconds f(w* the 
time of total ingress in the morning, as six'n from the eastern 
month of the Ganges. At the hcginnmg ot* egress, the paral¬ 
lax of latitude is 2^' (by mcasun>meiit of the scale A B) 
which will jirotruci the hcgiiiuing of egress by alxiut 80 seconds 
of time, and must therefore lie added to the above 2 iKiurs 
11 minutes 49 secxinds, which will make the visible beginning 
of egress to be at 2 hours 12 minutes 19 seconds in the nf- 
tcrmxin. 

479. Bcncoolcn is 102 degices.east from the mcridi&n oi' 
London; and, therefore, when the time is 28 minutes past II 
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in.the morning at Loifdon, it is 16 minutes past IX in the 
morning at Bencm)len; and when it is 20 minutes past VIII in 
the morning at Loudon, it is‘8 minutes past III in the after- 
n<K)n at JkMieooIen. Tiicrefi)re, in Fig. 4*, Bencotilcii will Ik* 
tlic time of V'enus’s total ingress as seen from the i^^arth’s 
ee^tri', !i!ul jit h when her egress bc»pns 

Vniw li t and hi' parallel to Ventis\ orbit VC and mea¬ 
sure ilitni on the scale: the former will be found to be 22" liir 
Ntmis's t astern pamllux in longitude at the time of her total 
nigrc'.s. and the latter to be lOV for her western parallax in 
loiigiliuk when her egress begins, as seen frotn the F.arth’s 
emne 'J'he first of tluse p.iiallu\es gnes 5 minutes SO se- 
M)iids (b\ die analogN in 470) to be suUled to 9 hours 10 ini- 
iiiiU , and the latter paruli.rx giM" 4 minutes 52 seconds to lie 
s»»l)ii.jitid (loin S hours 8 minutes; whence we Inne J) hours 
21 iiiiiit'ti , ,,i) s(>mnds I’or the tune of total ingress at Beneoo- 
Kn ‘ .unl S hours and S minutes S si*conds for the time wlun 
the i^iess 1)1 mils there, as jilleeted b} these two parallaxc'.. 

ISO. Di.iw yy !• and 5?//perpendicular to \ eims''s orbit TCO, 
and lue.isuie them on the .scale A li in I'lg. S* the fonnci will he 
.7 toi \ eims's northern parallax in latitude asscen frumBcncoolen 
a' the tnne of her total ingress; and tire latter will be 15}" for 
lur noithern parallax in latitude when her egress begins. 'J’ake 
the-'O jiaruUaxcs from the .scale in Fig. 1, in your comj).as*es, 
an<l set them off above the central transit-lino pei'peiidicnlar to 
the axis of \ enubs path ; the former from the left hand of Jc 
(I*’ig. 2), to a in the arc iSk and the latter from the right hand 
oi’/ to h in the are T; and draw’ aBh for the line ol’ \emis’<f 
transit as seen from BenctKjlen: the centre of Venus being at n, 
as seen from Bencoolen, at the moment of hci* total ingress; 
and ^t ff at the moment w hen her egress begins. 

But as seen from the Farth'.s centre, tlie centre of Venus is 
at k in the fonner case, and at I in the latter: so that we find 
the line of the transit is longer as soon from Bencoolen than a$ 
seen from llu* Earth's centre, wlitcli is the effect of Venus's 
iiortliern parallax in latitude. Take Ba in your compasses^ 
and setting that extent fiiiekward from t toward on the cen¬ 
tral transit-ling, you will find it will reach two minutes beyond 
k thereon ; and taking the extent B b in your compa.sse ¥4 and 
setting it forward from t towards a*, on the cc*nlrnl transit-line, 
it will be found to reach fi niiiiutes Iwyond I thereon, ('onse- 
c|ijently, if w c subtract 2 minutes from 9 hours 21 minutes 30 
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seconds (above found), we have 9 hour# 19 minutes 30 sinxiods 
in the morning, for the time of tcnal ingress as seen from Ben> 
oooien; and if we add 3 minutes‘to the abo\c found 3 hours 3 
minutes 8 seconds, we shall have 3 hours 6 fiiiiiutcs 8 sei*onils 
allernoon/ for the time when the egress begins as seeiv»rfr‘>*v 
Bencoolen. j 

481. The whole duration of the transit, from total Ingres to 
beginning of egress, as seen from the ICartlfv centre, is .> 4 \ours 
£2 minutes (liy ^ 46S); but the whole duration from total in> 
^ess to beginning of egress, a.s seen from Ik'netxiieii, is onl\ .» 
hours 46 minutes 38 seconds; which is 5 minutes 22 socondh lcs« 
tluin as seen from the Karth's centre: and this 5 minutes 22 
seconds is the whole eU'ect of the parallaxes (lanli in longitude 
and latitude) on the duration of the transit at Bencoolen. 

But the duration as .si'cn at the mouth of the Ganges, from 
ingress to egress, is still less; for it is only 5 hours 41! mmiitiH 
4 seconds: which is 9 minutes 56 seconds less than as seen 
from the Kartlfs centre, and 4 inintitcs 34 seconds less than as 
seen at Bencoolen. 

482. The island of St. Helena (to which only a .small fiart of 
the transit is visible at the end), will he at H {as in l’‘g M 
when the egress begins as seen from the Kartlfs centre And 
since the middle of that island is G° west from the meridian of 
London, and the said egress begins when the time at lamdoii 
is 20 minutes past VIII in the morning, it will then be only 
56 minutes past VII in the morning at St. Helena. 

Draw JFf n parallel to \ enus^s orbit V C O, and H o jier- 
pendicular to it; and by measuring them on die scale ^ 

A B (Fig. S), the former will lie found to amount to ' 

29" for Venu.s*s eastern parallax in longitude, as seen from 
St. H^ena, when her egress begins, a.s seen from die Korth's 
centre; and the latter to be 6" for her northern parallax in la¬ 
titude at that time. 

By die analogy in § 476, this parallax of lon^tude ^ves 10 
nunutes 2 seconds of time t which being added (on account of 
its being eastward) to 7 hours 56 minutes, gives 8 hours 6 mi- 
tiutes 2 seconds for the beginning of ^|;re8s at St. Helena, as 
affected by this parallax. But 6" of parallax in latitude (ap¬ 
plied as in the case of Bencoolen) lengthens out the end of the 
traorit-liiie by one nunute; which being added to 8 hours 6 
minutes 2 seconds, gives 8 hours 7 minutes 2 seconds, for the 
beginning of egress, as seen from St. Helena. 
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484. The times at the three last-mentioned places 
are reduced to the meridian of London, by subtract- p^eetiiig 
ing 5 hours 56 minutes from the time of ingress and 
egress at the Ganges: 6 hours 48 minutes from the timet 
thereof at B&ncoolcn; and adding S4 minutes to the time of 
beginning of egress at St. Helena; and b^ng thus redueedy 
they are as follows 


TimM At 
l.wDdon for 


Total Ingress, i Beg. of Egress. 

H. SI. 8. I H. M. S. 

Ganges mouth 2 34 15 Ki 8 16 19 ») nnrariona 

Bencoolen .... 2 31 SOsf S 18 . 1 ^ « 

St. Helena.... Ineisible iil 8 SI 2 mJ * 


485. All this is on the supposition, that we have the true lon<‘ 
^tudes of the three last-mentioned places, that the Sun's hori¬ 
zontal parallax !s that Uie true laUtude of Venus is given, 
and tliat her semidiameter will subtend an angle of 87on 
the Sun% disc. 

As for the longitudes, we must suppose them true, undl the 
observers ascertain them, which is a very important part of their 
busmens f and without which diey can by no means Sad the 
interval of absolute time that elapses between either the ingress 
or egress, as seen from any two given places: and there is much 
greater dependence to be had cm this elapse, than upon the 


. *.Thu durStioB, u teen from the Eigth't oemre, is on the cuppoaitioD diet ^ as 
miduipeter of Vennt would be fbund equal to on Sun'e disc, aa Mated by 
Dr. Hallayteee Alt V,g 453), to wUdi an NeedierduratioDsare aeeommodated. 
•—Bttt, fttaa IstaScib a ertati oB ia^itlahigtdyprtlmbie, thatdMaemidianMieref Vetus 
willbefbaal iiMt5«s«eed SO^eatheSimt and tf <«> the durationbeiweeaih* 
two intenuduostaota, as aeon ftom 4a £aa(iii*a oeatia, tHU be 5 bows M miaaMit 
and the durations, aa seen fieom dia abovaannidoiied flaees,<win ba laAgthansd tarj* 
neaHy in die aurta propordoa. 
vpi. n. 


r 






60 UlTBOB or rXBOIXO THK Dl«XAX€r» CH. XXIIl. 

irhole coDtrKtkm of duration al any pvm pLaoer as it wil| un. 
dpubtedly afford a surer batis for determuiing the Sun's pa^ 
rallax. 

486. 1 have good reason to believe, that die latitude of 
Venus, as given in § 453, will be found by oWn atij 2 Pt»#\* 
veiy near the truth« but that the tune of conjunb ion there 
mentioned will lie found later tiian the true time altn ist 5 
minutes, tliat Venus'ssenudiometerwill subtend atiaiigl,vof no 
more than 30" on the Sun\ di«<<;; and that the middle of her 
transit, as seen fnim the llarth's centre, w ill be at,24 minutes 
aficr V in the momuig, as reckoned by the equal time at 
London. 

487. Subtract 8 hours 17 minute** 41 Hiond**, the time 
when the egress begins <it London, from 8 hours 31 minute** 12 
seconds the time reckoned at London when the .tgie*-^ lx*gin*» 
at St Helena, and there will remain 13 ininuies ^21 <H.(Ofuls (or 
801 seconds) for their difference, or elapse, lu absolute time, 
between the beginmng of egress as si>en from these two 
places. 

Divide this elapse of 801 seconds by the Sun's parallax 
and the quotient will be 61 seconds and a small fraction 
So that for each second of a degree in the Sun's horizontal 
parallax (supposing it to be IS^'), there will be a difference or 
elapse of 64 seconds of alisolute tune between the lxginning of 
egress as seen from London, and as seen from St Helena * and 
consequently 32 seconds of time for every half second of the 
Sun's parallax; 16 seoonds of time for every fourth part of a 
second of the Sun's parallax; 8 seconds of time for the eighth 
part of a second of the Sun's parallax , and full 4 seconds for 
a sixteenth part of the Sun's parallax 

For, in so small an angle as that of the Sun's parallax, the 
arc IS not sensibly different from either its sine or its Umgent: 
and therefore, the quantity of this parallax is in direct pro{iur> 
txm to the absolute difference m the time of egress arising from 
it, at different parts of the Earth. 

488. Therefore, when this difference is ascertiuned by good 
observations, made at different places, and compared together, 
the true quantity the Sim's por^lax will be very nearly de¬ 
termined. For, tince it may be presumed that the beginning 
of egress can be observed wuthin 2 seconds of its real time, the 
Sun's parallax may be then found within the 32d part of a se* 
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cond of itfl true quautitjr; and Gonsequently his ^stance inagr 
be found within a 40Dth part of the whole, jnrovided his pand« 
lax be not less than 12^"; for 32 times 12^ is 409. 

. 489. But since Dr. Halley has assured us, that he had ob^ 
/lie two internal contacts of the planet Mercury with the 
Suk's ed^c so exactly, as not to err one second in the time 
'he^)f, we may well ima^ne that the internal contacts of 
Veni^^itlvthe Sun may be observed with as great accuracy. 
So tbat^e may hope to hiPt'e the absolute interval between the 
moments of her l)cg‘uining of egress, as seen from London and 
from St. Helena, ^ue to a second of tinje; and if so, the Sun's 
parallax ma\ be deteiminetl to the Clth part of a second> pro- 
Mtled It 1 h' not less than 12J'; and consequently his distance 
may be found, within its 800th part, for 64 times 12J is 800; 
whuh is Atill nearer the truth than Dr. Halley expected it 
might be found, by obscr\ing the whole duration of the transit 
in the I^ast Indie.s and at Port-NcIson. So that onr present 
astronomers have judiciously resolved to improve the Ihietor's 
method, by taking only the interval bctw'eeii the absolute times 
of Its ending at different places. If the Sim’.s parallax be 
greater or less than 12J", the elapse or difference of absolute 
tune betw'een the beginning of egress at London and St. Helena 
will lx‘ found h\ obbi>rvatinn to be greater or less than 801 se¬ 
conds accordingly. 

490. There will also lie a great difference lietween the ab¬ 
solute times of egress at St. Helena and the northern parts of 
Hussia, which would make thesjc places very proper for obscr- 
\ation. The difference lietween them at Tobolsk in Siberia 
and at St. Helena will be 11 minutes, according to de LTsle's 
map: at Archangel it will be but about 40 si'conds less than 
at Tol^ls\; and only a minute and a quarter less at Peters- 
biirgh, even if the Sun's parallax be no more than 10^". At 
Wardliiis the same advantage would nearly be gained as at 
Tobolsk; but if the observers could go still farther to the east, 
as to Yakoutsk in Siberia, the advantage would be still greater; 
for; as M. dc L’Isle veiy justly observes, in a memoir pre¬ 
sented to the French king with his map of the transit, the diL 
ference of time between Venus's egress from thci>Sun at Ya- 
koutsk and at the Cape of Good Hope will be 13^ minutes 
• 491.* This method requires that the longitude of each place 
of observation be ascertained to the g^atest degree of nioetyjr 
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•ml thai eadi abaerver's clock be exactly regulated to the equal 
time at his place: for without these [^Articulars it would lx‘ 
itnpof^ble far the obsen’crs to reduce the times to those which 
are reckemed under any gi\cn meridian; ami witlioiit iwincing 
llie observed times of at different plnce> to "StU 

some given place, the abstilute time that elap‘?e'5 hwveeiythe 
egrcHa at one place and at another could ni>t b<* found. /'Ih'u 
the longitudes may be found, by observing the eclipvev»;>f Ju¬ 
piter's satellites; and a true uieridiftn for regulating Jie elock, 
to the time at any j»lace, may Ik* hud, by obstr’ '.ng %\hcn any 
given star, within SK) or .‘30 degrees of the pole, is statit)uurv, 
with regard to its azimuth, on the east and ^^est side^ of the 
pole; the pole itself being the middle |Kjint betneen the^e tuf» 
Btationaiy positions of the .star. And it in not mnteriul fur the 
observers to know exactly either the true angular im'jiMire ol’ 
the Sun's diameter, or of Venus's, in thin ca^e ; fur whate\er 
their diameters be, it h ill. make no sensible difference in the 
obsan^ed intm’al lietweeii the same contact, uh seen from tiif- 
ferent places. 

Plate XVI. 492. In the gtHmietrical eunstniclion of transits. 

Fig. 3. the scale A B may Ik* dbided into any gi'on nutnbt'i 
of equal parts, answering to any assuinwl quantity of VemiN\ 
horizontal parallax from the Sun (which is alwaysthe differeiin* 
between the horizontal parallax of Venus and tliut of the Sun), 
provided the whole length ul* the scale be equal to the .senn- 
^ diameter of the Eartli'.s disc in Fig. 4. Thus, if 
we suppose Venus'b horizontal jiaroliax from the Sun 
to be only 26'' (instead of 31"), in which ca-^e the Sun's hori¬ 
zontal parallax must be 10.3193", as in § 20, the rest of the 
projection will answer to that scaleas 6* 7^, which contains 
only 26 equal ports, is the same length as A wliieh contains 
34. And by working in all other respects as taught fi*oin § 
467 to § 483, you will find the times of total ingress and be- 
^nning of egress; and, consw]uently, the duration of the 
transit at any fpven place, which must result from such a 
parallax. 

493. In projections of this kind, it may be easily conceived, 
that a right line pasring cmitinually through the centre of 
Venus, and a given point of the Eartli, and produced to the 
Sun's disc, will mark the path of Venus on the Sun las seen 
(rtm the given point of the Earth; and in tliis there arc three 
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cases. 1, When the given point is the Earth's emtre^ at 
which there is no paraUax, either in longitude or latitude. 9, 
When the ^ven point is one of the poles, where there is no 
parallax of longitude; but a parallax of latitude, whose quan> 
tit f‘a'*l!y detenninetl, by letting fall a perpendicular from 
tliciiiole ujKm the plane of Venus’b orbit, and setting off the 
par\]ax of latitude on this peipendicular: and here, the polar 
transiWnief. nill be parallel to the central; as the poles have no 
motion aS^ng from the Earth’s diurnal rotation. 3, The last 
com; is, wn^ the given ]x>int of the Earth ib any point of its 
surlace, \^llose latitude is less than 90 degrees : then there is a 
jMirallav in latitude jiroportioiial to the perjiendicular let fall 
upon the abox e-inentioned plane, iroin the given point; and a 
pantliav in longitude projxirtional to the perpendicular let fall 
upon th(' avis of that plane, from the said given point. And 
the elfeet ol tint* last will lx* to altiT tlie transit-line, both in 
povliion and longtli; and will pre^ent its Ix^ing parallel to the 
central traiHitdine, unless when its axis and the axis of the 
Earth coincide, as seen from the Sun; which is a thing that 
nia\ not hajipeii in many agi‘s. 


•Art. \ L-^Cuncrnihiff the map tfte Plate XVII. 

404. The title of this map, and the lines drawn upon it, to¬ 
gether with the w'ordb anncxeil to these lines, and the numbers 
(hourv and minutes) on the diitted lines, explain the whole of 
it so well, that no farther desciipiion seems requisite. 

195. So far as I can examine the map by a good 
globe, the black cur\c lines me in general pretty the map 
well laid down, for siiewing at what places the Iran- 

II 1 • 1 ^ riateXVII. 

sit will liegin, or end, at sun-rising or sun-sciting, 

to all those places through which (hey are drawn, according to 
the times mentioned ui the map. Only I question much whe¬ 
ther the transit will begin at sun-rise to any place in Africa, 
that is west of die Red Sea; and am pretty certain that the 
Sun will not be risen to the northiiiost part of Madagascar 
when the,transit begins, as M. de L'lslc reckons the first con¬ 
tact of Venus with the Sun to he the beginning of the transit. 
“Sq tli&t the line which shews the entrance of Venus on the 
Sun’s disc at sun-rising, seems to be a little too far west in the 



70 iTBTHOB w rramKe tHi^niiTAKCBt cn. xsni. 

nutpy At all places which are south of Aaa Mtnor:^ but in !Eu- 
Tope, I think it is very well. 

496. In delineating this map, I had M. de L'lale's map of 
the transit before me; and the only difTerence between his maii ' 
and this is; 1, That in his map, the times are computecl'^Viie 
meridian of Paris; in this they are rwlucod to the rooridia^ of 
London. 2, I ha\e changed his meridional pnijcction *into 
that of the ecjuatoreai; bv >khich, I apprehend, that th* black 
curve lines, shcaiiig at m hat places the transit bcgin«»f*or ends, 
with the riring or setting Sun, apfx^ar more naturSfl to the eje, 
and are more fully seen at once, than in the map from Hhich I 
copied; for, in that map, the lines are interru])ted and bmkeii 
in the meridian that disides the hemisphere*^, and the places 
where tliey should join cannot lie jierceivetl so readilj by thost* 
who are m»t well skilled in the nature of stercographical pro¬ 
jections. The like may lx? said of inatiy of the dotted curi-c 
lines, on which are e\pres*<ed the hours and minutes of the 1 k*- 
ginning or ending of the transit^ which are the absolute tunes 
at these places through i^hich the lines are drawn, computed 
to the meridian of London. 


A»t. VII.—an Account of Mr. Horroa's Obaen'o^ 
tion of the Transit of Venus over the Sun^ in tbe Year 1639; 
as it is published in die Annual Register Jbr the Year 1761. 

Kqiler tint 497. When Kepler first constructed his (the Ru- 
dolpbine) tables upon the observations of Tycho, he 
Venus and soon became sensible that the planets Mercury and 
Sleriurj. Venus would sometimes pass over the Sun’s di.se; 
and he predicted two transits of Venus, one for the ycar‘l 631, 
^d the other for 1761, in a tract published at X^eipsic in 1629, 
entitled AdmonHlo ad Astronomos, ^c. Kepler died some Hays 
before the transit in 1631, which he had predicted was to have 
happened. GasseAdi looked for it at Paris, but in vain (sec 
Mercurius in Sole visas, et Venus invisa). Indeed, the im¬ 
perfect state of the Riidolphine tables was the cause that the 
transit was expected in 1631, when none could be otiserved; 
fjBd those very tables did not give reason to expect one in 1639, 
when one was really observed. 
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498. When our Ul^trioue countryman Mr. Hor« Hom» dit- 
rox first aj^lied him^f to aatronomj, he computed 
Ephemerides for several years, from Lansbergips's SupLiKteir 
tables. After continuing his labours for some time, *»“*• 
he'%as enabled to dibCovtM' the imperfection of these tables; 

mpu^ which he laid aside his work, intending to idetennine the 
posif^ns of the stars from liis own observations. But, that the 
fomieN|Mrt of liis time .sjx'nt in calculating from Lansbergius 
might no^ 2 ^ thrown away, he made use of his Ephemerides to 
point out tomm the situations of the planets Hence he fore¬ 
saw when their conjunctions, their appulses to tlie fixed stars, 
and tile most remarkable phenomena in the heavens, would 
happen; and prepared himself with the greatest care to ob- 
her\e them- 

499. From this he w’as encouraged to wait fca* the 
important observation of the transit of Venus in the to obumthe 
year 1639; and no longer thought the former part 

* * «• ■ nun ui 1 v39a 

of hi.s time misspent, since Ins attention to Lansber> 
gius's tables had enabled him to discover that the transit would 
certainly happen on the S4tii of November. However, as these 
tables had so oBen decei\#d him, he was unwilling to rely on 
them entirely, but consulted other tables, and particularly those 
•of Kepler: accordingly, in a letter to his friend William Crab¬ 
tree of Manchester, dated Hool, October 26, 1639, he commu¬ 
nicated his discovery to him, and earnestly desired him to make 
whatevflr observations he possibly could wnth his telescope, par¬ 
ticularly to measure the diameter of the planet Venus, which, 
according to Kepler, would amount to 7 minutes of a degree, 
and according to Lansltergius to 11 minutes; but which, ac¬ 
cording to his own prupfiition, he expected would hardly ex¬ 
ceed one minute He adds, that according to Kepler, the con¬ 
junction will be November 24,1639, at 8 hours 1 minute a. u. 
at Manchester, and that the planet's latitude would be 14" 10*' 
south; but according to his owm corrections he expected it to 
happen at 3 hours 67 minutes p. m. at Manchester, with 10" 
soutlf latitude. But because a small alteration in Kepler's 
numbers would greatly alter the time of conjunction, and the 
quantity of die panel's latitude, he advises to watch the whole 
day, and even on the preceding afternoon, and the moniing of 
the 2^th, though he was entirely of that the transit 

would happen on the 24th. 
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^00. Af^er having fiilij arched and examined the several 
methods observing this uncommon pl4nomenon, he deter- 
HsnwVmf. ^ transmit the S\tn’'s image through a telc- 

tbod of Ob- scope into a dark clmmher, rather than tliimigh a 
naked a{>erUiro, a method greatly coniinDndedt<\y 
Kepler; for the Sun's inmge is not given siiflicient. 
ly large and distinct by the latter, unless at a very grea^*disr 
tance from the aperture, vhich the narrowness of his sj,tuation 
VQuId not allow of; nor would Venus’s diameter bp/well de¬ 
fined, unless the"tojKTture were \erv small; whyreas his tele¬ 
scope, which rendered the solar s|x>ts distinctly visible, would 
ihew him Venus’s diameter well defined, and enable him to di¬ 
vide the Sun's limb more accurately. 

501. He described a circle on pa(>cr which nearly equalled 

six inches, the narrowness of the place not allowing a larger 

size; but even this size admitted di\isions suflicieiitlv aceurale. 

» 

He divided the eireuniference into 8G0 degrees, and the diame¬ 
ter into 30 equal parts, each of which were siilxlivided into 
and the whole ihereiore into ISO. The sulxlivision might Ikim* 
still Ix'en carried farther, but he trustixl rather to the aecurac) 

and niccness of his eve. 

* 

^ 502. ll’hcn the time of observation drew near, he 

xiu ODservA* 

tioM oQ the adjusted the apfiaratus, and caused the Sun's d(s- 
tinct image exactly to fill Uie circle on the pajx’r; 
and though he could not expect the planet to enter 
upon the Sun's disc before thiee o’clock in the ofYcmooo of the 
S4th, from his own corrected nuinbrs, u|Km which he chiefly 
relied; yet, because the calculations in general from other tables 
gave the time of conjunction much sooner, and some even tin 
the 23d, he observed the Sun fnnn the lime of its rising to nine 
o'clock; and again, a little Ixrfure ten; at noon, and at qne in 
the aflemoon: being called in the intervals to business of the 
highest moment, which he could not neglect. But in all these 
times he saw nothing on the Sun’s face, except one small spot, 
wliich he had seen on the preceding day; and whicli also he 
aiVerward saw on some of the following days. 

503. But at 3 hours 15 minutes in the aOemoon, which wa.H 
tlic first opportunity he had of rejieating his observations, the 
clouds were entirely dispersed and invited him to seize this fa¬ 
vourable occasion, which seemed to he providentially throw n in 
bis way; for he then beheld the most agreeable sight, a sjiol 
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winch had been the object of his most sanguine wiiiieB) of on 
unusual si/e, and of a perfectly drcular aliape, just wholly iln- 
f erod upon the Sun's disc on the left side; so that the ImcoIhs 
the Sun and \cnii8 perfectly coincided in the tcry point of oon- 
tatt. He was immediately sensible that this spot was tlic pla¬ 
net Venn , and applied linnsclf with tlic utmost care to prosecute 
* hn^bset \ ations. 

WU. And, Fifsf, With regard to the inclination, inclination 
he ibuN^ by means of a diameter of the circle set of Venna’a 
porpendicllli^ to the hon/oii, the plane of the circle 
being sonieuhat reclined on <iec*ount of the Sun's altitude, that 
\c'nus had ’wholly tnu>red ujion the Sun'** disc, at 3 hours 15 
nniiutc's, at about G2 degiees 30 minutes, (certainly between 60 
and 65 degu‘t‘s) iiom the Aeite\ toward the right hand. (These 
were the .ipjiLaiances within the daik chaniljcr, where the Sun’s 
image and motion of the jilmiet thcicnin 'were both inverted and 
IL^clscd ) And this nichiiatu n eoiitiniied constant, at least to 
<ill sense, till he had 6m>hed the whole of his ohseixation. 

505. SccotuUi/^ The ihstanccs observed afterwards Distances be. 

between the evntus of tlie* Sun and Veigis ’w'crc as tjie 

follow •—At 3 hours 15 minutes by the cltK*k, the Sun and Ve. 
distance was 14' SJ4", at 3 hours 35 minutes, the "“*• 

^distance was 13' 30"; and at 3 hours 45 minutes, the distance 
was 13'. The apparent t^inc of sun-sefting vcos at 3 hours 50 
uninites—the true time 3 hours 45 minutes—rcfrac*tion !■ ceping 
the sun alxise the hoii/on for the space of 5 minutes. 

506. Thhdit/, lie found \ onus's diameter, by re- i^ameterof 
poated olisei’vations, to exceed a tlurticth part of the Venus. 
Sun's diameter, In a sixth, or at most a fifth subdivision. Tbs 
diameter therefore of the Sun to that of Venus may be ex- 
prcsi|pd*as 30 to 1.12. It certainly did not amount to 1.3C, 
nor yet to l.SO. And this was found by observing Venus as 
well wlicm near the Sun's limb, as when farther removed 
from it. 

507. The place where this observation w'as made, was at 
5bs(Surc village called Hool, about 15 miles northward of Liv^ 
jMo\. Tiic latitude of Liverpool hod been often determined 
by Ilorrox to be SS" 20'; and therefore that of Hool will 
be 53 ° 35\ The longitude of both seemc'd to him to be about 

irom the Fortunate Islands; that is, 14® IS' to the 
west of Uraniburg. 



y4 liXTHOD 0|F FliuW TttS DItTAKCSt CH, XXm. 

S(®. Those were all the obeerviticHis which the shortness of 
the time idlowed Him to make upon this most remarkable and 
unoonuiKm ; all that could be done, however, in so small a 
space of tittle, he very happily executed; and scarcely anything 
fiuftbef remained for him to desire. In regard to the inclination 
alone, he txnild not obtain the utmost exactness; for it was ^ 
extremely difficult, from the Sun'*s rapid motion, to obser^'* it 
to any oertainty vitliin the degree; and he ingenuousl''‘rao* 
fesses that be neither did nor could jxtssilily perforin The 
reit are v«y much to lx» dejiended upon, and as exact as he 
could wish. 

Mr.Cnbtne ^*^*^’**‘*^'* Manchester, whom Mr. 

tkHttim the Ilorrox had desired to observe this transit, and tiho 
in niathduatiaal knowledge was inferior to few, rea¬ 
dily complied with his friends ret]ucst; hut the sky 
was veiy unfavourable to him, and he had only one sight 
of Venus on the Sun\ disc, whidt was about 3 hours 35 nn- 
nutes by the clock, the Sun tlien, for the first time, breaking 
out from the clouds; at which tiracjie sketched Venus\s situa- 
tion upon paper, whidh lion ox found to coincide with his own 
obsm-ations. 

610. Mr. Horrox, in his treatiae on tliis subjtvl, publishc'd 
by Hcvciius, and from which almost the whole of this account • 
has been collected, hopes for pardon from the astronomical 
world for not making his intelligence mt)re public; but his 
(fisoovery was made too late. He is desirous, howes'cr, in the 
spirit of* a true philosoffiier, that other astronomers were happy 
enough to observe it, who might eillier confirm or correct his 
observations. But such confidence was reposed in the tables at 
tkat time, that it does not ajipear that this transit of Venus 
was observed by any besides our two ingenious countrymen, 
who prosecuted their astronomical studies with such eagerness 
and precision, tliat they must very soon have brought their 
fivourite science to a degree of perfecUon unkxipwn at those 
t'snes. But unfortunately Mr. Horrox died on die dd of Ja- 
Dlmry 1640-1, about the age of 26, just after he had put die 
list hand to his treatise, entided Venus in Sots visa, in which 
he sliews himself to have had a more accurate knowledge of 
the dimensions of the solar system dian his learned (;ommenta> 
tor llevelius .—Annwd Register 
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'511. In die year 1691 (Sec ihxi Cmm^s6cmce def ^ « 

Temps for 1761), Dr. Halley gave in a paper upon 
the transit of Venus (See Lowthorpe's Abr\dgmenJt 
of tite Philosophical Transactions, page 434), in 
which he observes, from the tables then in use, that Venus 
.^n'turns to a conjunction with the Sun in her ascending node 
’ in t« period of 18 years, wanting 2 days 10 hours 52J minutes; 
but tiN^ in the second conjunction, slie will have got 24' 41" 
farther T\tbe south than in the pieceding.’ That after a pe¬ 
riod of 235 5 Vars 2 lunirb 10 minutes 9 seconds, she returns to 
a conjunction more to the noilh by 11' 33"; and after 246 
3 ears, wanting 43 minutes, in a }K>mt more to the south, by 
13' 8". Ibit it* the second conjunction is in the year n^t after 
leap-j-eaT. it \idl be a day later 

512 'I'lie interv’aJs of the conjunctions at the descending 
node are somewhat difteient. I'iie si'cond Happens in a period 
of 8 years, wanting 2dn3s 0 hours *55 minutes, Venus being 
gilt more to the north by 19' 58". -Vfter 235 years 2 days 
8 hours 18 niinules, she is 9' 21" more southerly; only, if 
the frst year is a bissextile, a day must be added. And after 
243 years 0 days 1 houi 23 minutes, the cxmjunction happens 
lO* 37" more to the north ; and a day later, if the first year was 
'bissextile. It is supposed, as in the old style, that all the cen- 
turial years are bissextiles. 

513. Hence Dr. Halley finds the years in which a tranat 
may happen at the ascending node, in the month of November 
(old style) to be thcstv-91b, X161, 1396, 1631, 1639, 1874’* 
2109, 2117 : and the transits in the month of May (old style) 
at the descending node, to be in these years—1048,1283,151S^ 
1526, X761, 1769. 1996, 2004. 

51:4«, In the first case, Dr. Halley makes the visible inclina¬ 
tion of Venus’s orbit to be 9® 5', and her horary motion on 
the Sun 4' 7". In the latter, he finds her visible inclination 
to be 8' 28", and her hororary motion 4f. In either case, the 
greatest |)ossible duration of a transit is 7 hours 56 minutes. 

515. Dr Halley could even then conclude, that if the inter¬ 
val in time between tlie two interior contacts of Venus with the 
Sun could be measured to the exactness of a second, in tuo 
^ plaq ^pr a py ly situated, the Sun’s parallax might be deter¬ 
mined within its 500th part. But several years after, he cx- 
plaine!d this affair more fully, in a paper concerning the tran¬ 
sit of Venus in the ycir 1761, which was published in the 
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I'liildsopliiciil Transt'ictions, and of which the tliird of the j)re- 
cediDj! arliclcfc is a trans-Iation, the oriwinai Inking been written 
in Latin by tlie doctor. 


Axt. VIII .—Coninmhfff a i>ho7t Ai count {^.wine Oh^ervitfionx 
of the 'rransit o/* Vimts, a. j>. 17G1, June G, New Sfi/le; 
and the Uustanus of the Planch Jiom the A’nn, as dt^tuid 
Jrxm those Obsei-vations, ./ 


. 51G, L'nl\ in the niomniff, ^hen every astroiio- 

Dr. Bliss’s * , i , . . 

observations was pivji.ired tor obserMiig the transit, it un- 

on the tran. luckily haiipeiied, tliut both at Loudon and tlie ivnal 
observatory at (xieenivicli, tlie sky it as so oiercast 
with clouds ns to render it doubtful whether any jiarl of the 
tninsit should lie seen* and it was 88 minutes 21 seconds jiast 
VII o’clock (ap])arcnt liin#) at Greenwich, when the Reieicnd 
Dr. Bliss, our astrononiei-rojal, lii'-t saw Venus on the Sun ; 
at which instant the centre of \"enus jirct eded the Sun’s centre 
by 6' 18.9" of right ascension, and was south of the Sun’s 
centre by 18' 42.1" of declination, h’roin that time to the be¬ 
ginning of egress, the doctor made several observ ations, both 
of the difference of right ascension and dediiiatioii of ihe- 
centres of the Sun and Venn*.: and at last found the begin¬ 
ning of egress, or instant of th(> internal contact of Venus 
with the Sun's linib, to be at 8 hours 19 minutes apparent 
time. From the doctor’s own observations, and those which 
were made at Shirburn by another gentleman, he has com¬ 
puted, that the nu.iri time at Greenwich of the eclijitical con- 
juuction of the Sun and Venus was at 51 minutes 20 seconds 
after V o’clock in the morning; that the jilace of the Sun and 
Venus was IT {Gemini) 15 86'38"; and that the geocentric 
latitude o'’ \ emus was 9' 41'.9" south ; her horary motion from 
the Sun 8'57.18" retroorade; and the angle then formed by 
the axis of the cijualor, and the axis of tlie ecliptic, was 6“ 
9' 84", decreasing hourly 1 minute of a degree. By the mean 
oi* tinee giaicl observations, the diameter of Venus on the Sun 
was 58". 


Mr. Short’s 
observations 
ao tlie tr<ui« 
on. 


517. Mr. Short made his observatiem. at i?avile- 
houso, in I^ondon, 80 seconds in time west from 
Grecnwicli, in presence of bis royal highness the 
duke of York, accompanied by Uieir royal high. 
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iiesies Prince William, Prince Henry, and Prince Prederick. “ 
He first saw Venus on tho Sun, tlirouqfh flying clouds, at 46 
minutes 37 seconds after V o'clock ; and at G hours 15 minutes 
1 i secoiuls, lie measured the di.cncter of Venn's .59.8". He 
afterwards found it to be 58.9" wlicn tlie si}/ was more f»- 
\ourable. And, through a reflejlmg tele‘*eoj)e of tw'o feet fu- 
eus^ magmf}ing 140 times, he found the internal contact «>f 
Venn', with the Sun’s limb to be at 8 hours 18 minutes 2\\ 
seconds^^ipp.areiit time; winch, l)ein» reduced to the appa- 
lent time ai,'‘<Creenwich, was 8 lioiiis 18 mmutes 51] seconds; 
St) that his time of seeing the tout ici was 8] secoiMk sooner 
(m absolute time) than the instant of its being seen at Green- 
w ich. 


518. Messrs. EHieot and Dollond olsciwed the 
internal contact at Hackney, and tlitir time of see¬ 
ing it, reduced to the time at Gitenwich, was at 
8 hours 18 minutes 56 stcoiuls, wliicli was 4 se¬ 


Mp‘«rs. Klli- 
cot and Dol- 
loiiil’s oboer- 
Vatioiis. 


conds sooner in absolute lime tb.m the contact was seen at 


Gn*enwich. 


519. Mr. Canton, in Spitlal-sipiare, I.ondon, V Mr.Canion’s 
11" west of Greenwich (ecjual to 16 seconds 44 thiids obin\auoiit». 
ol’ time) measured the Sinf's diameter 31' 33" SJ4'", and the 

.di.imcter of Venus on the Sun 5b"; and, b> observation, 
louiul the ajjparent time of the internal contact of \cnus with 
the Sun’s limb to Ik* at 8 lioiirs 18 minutes J1 seconds; wlneli, 
by reduction, was onl} 2} seconds short of the time at the 
royal observalor}' of Greenwich. 

520. The Reverend IVIr. Richard Ilavdon, atl/is- 

keard, in Cornwall (16 minutes 10 seconds m time don’s obs.cr- 
w(‘st from London, as stated by Dr. Rcvi*.) observed 
the .intenial contact to be at 8 houis 20 «ccoiids, which, by 
reduction, was 8 hours 16 minutes 30 seconds at Greenwich ; 
so that he must have seen it 2 miniitLs 30 seconds sooner in 


absolute time than it was seen at Gieenwith—a difference by 
much too great to be occuaoned by the <liiierence of paral- 
lu\e«>. Rut, by a memorandum of ^Ii. Ha} don’s some ycarsi 
before, it appears that he then suj)]>osed his west longitude 
to be near 2 minutes more, which brings his time to agree 
within half a minute of the time at Greenwich; to which the 

* A 

‘Tiai’jmaxes will very nearly answer. 
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Mr. W*r- Stockholm ol)servatory, latitude 59" 20, 

gendn’a ob> north, and longitude 1 hour 12 minutes east from 
servatunu. Greenwich, the whole of the transit was visible; 
the total ingress was observed by Mr. Wargcntin to be at 
hours 39 minut^ 23 seconds in the morning, and the begin¬ 
ning of the egress at 9 hours 30 minutes 8 seconds; so that 
the whole duration between tlie two internal contacts, as seen" 
at taat place, was 5 hours 50 minutes 45 seconds. 

Mr.Heliant’8 At Tomco in Lapland (1 hour 27 nnnut*, 28 se- 
obscnratioDB. conds east of Pans) Mr. Ilcllant, w'lio i esteemed a 
very gcxid observer, found the total ingress to be at 4 hours 3 
minutes 59 seconds; and the beginning of egress to be 9 hours 
45 minutes 8 seconds,—so that the whole duration between the 
two internal contacts was 5 hours 50 minutes 9 seconds 
Mr. GiotcrN At Ilernoband, in Sweden (latitude 0 38 north, 
observations. amJ longitude 1 houi 2 minutes 12 seconds east of 
Paris), Mr. Gistcr observ ed the total ingress to be at 3 hours 
38 rmnntes 26 seconds; and the beginning of egress to be at 9 
hours 29 minutes 21 seconds,—^tlic duration between tliesc* two 
internal contacts 5 hours 50 minutes 66 seconds 

Mr. de la Landc, at Paris, observed the beginning 
of egress to be at 8 hours 28 minutes 26 seconds ap¬ 
parent time. But Mr. Ferner (who was then at 
C’onflans, 14^" west of the royal observatory at 
Pans) observed tlie beginning of egress to be at 8 
hours 28 nmnites 29 seconds true time. The equation, or differ¬ 
ence between the true and apparent tunc, was 1 minute 54 se¬ 
conds. The total ingress, being before the Sun rose, could not 
lie 'seen. 


Mr. de la 
[junde’s ob- 
ftervations. 

31 r. Ferncr’s 
observatwni. 


At Tobolsk, in Siberia, Mr. Chappe observed 
^rewauoa^* the total ingress to be at 7 hours 28 seconds in 
the morning, and the beginning of egress to be at 
49 minutes 20^ seconds after XII at noon. So that the whole 
duration of the transit between the internal contacts was5 hours 
48 minutes 52^ seconds, as seen at tliat place: which was 2 mi¬ 
nute'* 3 ^ seconds less than as seen at Hcrnosaiid in Swedei\ 

Mr. Hirst’s At Madras, the Reverend Mr. Hirst observed the 
observations. ingress to be at 7 hours 47 minutes 55 seconds 

appaiont time in the morning; and tlie lieginning of egress at 
1 hour 39 minutes 38 seconds past noon. The duration bj 
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tyreen these two internal contacts was 5 hours 61 minutes 43 
seconds. 

Professor Mathenci at Bologna observed the be- 

• • /* 1 1 A ' i. no Mathencn’* 

. ginning of egress to be at 9 hours % minutes oo observattonw 
seconds. 

At Calcutta latitude 22“ SO' north, nearly 92“ 

" east longitude from London) Mr. William Magee {ree’sobservii- 
observed the total ingress to be at 8 hours 20 mi- 
notes 6<^«conds in the morning, and the beginning of egress 
to be at^bQurs 11 minutes 34 seconds in the afteriuion. The 
duration between tlie two internal contacts 5 hours 50 minutes 
3() seconds. 

At the Cape of Good Hope (1 hour 13 minutes Mj.MaWa 
33 seconds east from Greenw’ieh) ]Mr. Mason ob- obnervations. 
serA ed the beginning of egress to be at 9 Iwurs 39 minutes 30 
seconds in the morning. 

All these times are collected from the oliservers’accounts, 
printed in the Philosophical Transactions for the year 1762 
and 1763, in which there are several othei accounts that I have 
not transcribed. The instants of Venus’s total exit from the 
Sun arc likewise mentioned, but they are here left out, as not 
being of any use for finding the Sun’s paiaLlax. 

Whoever compares these times of the internal contacts, as 
given by different observei*s, will find such difference among 
them, even those which were taken upon the same spot, as will 
shew, that the instant of either contact could not be so accu¬ 
rately perceived by the observers as Dr. Halley thought it 
could: which probably arises from the difference of people’s 
eyes, and the different magnifying powers of tliose telescopes 
through which the contacts were seen. If all the observers 
had made use of equal magnifying }X)wers, there can be no 
doubt but that the times would have more nearly coincided; 
since it is plmn, that supposing all their eyes to he equally 
quick and good, they whose telescopes magnified most would 
perceive the point of internal contact soonest, and of the total 
exit latest. 

Mr. Short has taken an incredible deal of pains in deduc'ng 
the quantity of the Sun’s parallax, from the best of those obser¬ 
vations whi«;^i were made both in Britain and abroad: and finds 
.V *o liave oeen 8".32 on die day of the transit, when tbe Sun 
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was very nearly at his g;reatest distance fit>m the Earth ; and 
consequently 8 '.66 when the Sun is at his ‘mean distance from 
the Earth. And indeed, it would b(‘ very well worth every cu¬ 
rious person’s while, to purchase the second part of Volume 
LI I of the Philosophical Transactions, for the year 1766; 
even if it contained nothing more tlian Mr. Short’s paper on 
that subject. 

The logarithm sine (or tjingent) of 8".66is6.6l,*i9140, which 
being subtracted from the radius 10.0000000, IcaA es r tnaining 
the logarithm 4.37808G0, whose number is 2388i ‘j i<; which is 
the number of semidiameters of the Earth that the Sun is dis¬ 
tant from it. And this last number, 23882.34, being multi¬ 
plied by 3935, the number of English miles contained in the 
Earth’s semidiameter, gnes 95,173,127 mile.s for the Earth’s 
mean distance from the Sun. Hut because it is impossible, from 
the nicest observations of the Suii’a })arullax, to be sure of its 
true distance from the Earth within 100 mile.s, w'e shall at pre¬ 
sent, for the sake of round numbers, slate the Earth’s mean 
distance from the Sun at 95,173,000 English miles. 

And then, from the numbers and analogies in § 420 and 421, 
p. 32, 33, vol. II, we find the nieiui distances of all the rest of 
the planets from the Sun in miles to be as follows. IVfcrcury’s 
distance, 86,841,468; Venus’s distance, 68,891,486; Mai‘s’« 
distance, 1-15,014,148; Jupiter’s distance, 494,990,976; and 
Saturn’s di.stancc, 907,957,130." 

So that, by (.‘ompaiiiig tliesc distances with those in the tables 
at the end of the chapter on the solar system, it will be found 
that the dimensions of the system are much greater than wliat 
was formerly imagined; and consequently, that the Sun and all 
the planets, except the Earth, are much larger than as stated in 
that table. 

The seiiiidiaineter of the Earth’s annual orbit being equal to 
tlie Earth’s mean distance flora the Sun, viz. 95,173,000 miles, 
the wliole diameter thereof is 190,346,000 miles. And since 
the circumference of a circle is to its diameter as 355 is to 113, 
the Circumference of the Earth’s orbit is 697,937,646 milos. 

** Wlirn I computed ihe dihtancev in die last line of § 10 i, 1 bad heard that the 
Sun’s pi.allav was found to be L".69; which occasions the dificrence between these 
distances and those which arise here from the parallax as 1 foiad it in the Phi¬ 
losophical TransttCtioiis. 
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Ami, as the Kartli dcscribos this orbit in 365 days 6 liours 
(or ill 8766 hours), it is ])1aiii that it travels at the rate of 
68,217 miles every hour, nnd consequently 11,369 miles every 
HHiiute; ‘>0 tliat its vchwity in its orbit is at least 142 times as 
jrreat as the velocity of a cannon ball, supposing the ball to 
move through 8 miles in a minute, which it is found to do very 
i»earl> . and at this rate it would lake 22 years 228 days for 
a cannon ball to go from the K.irlh to the Sun. 

On th( Sd of June, in the year 1769, Venus w’ill again pass 
over the huu' ^disc, in such a manner as to afford a much easier 
and better nathod ol* iin estigatui{> the Sun’s parallax than 
her transit in the \ear 1761 has done. But no part of Britain 
vnll Ik ])roj)ei foi obsei’Miig that transit, so as to deduce any 
thing with respect to the Sun's parallax from it, because it will 
begin but a little beloie sun-set, and will be quite over before 
II o'clock next inonimg. I'lie apjiarenl tune of conjunction of 
the Sun and ^ eiius, accoidmg to Dr. Hallev’s Tables, will lie 
al 18 minutes ]iast \ o'clock at night at London; at which 
tune the geocentric latitude of Venus will he fully 10 mimiles of 
a degree north Irom the Sun’s centre: and therefore, as seen 
lioin the northern jiaits of the Karth, Venus will be consider¬ 
ably de}>res‘-ed by a ])arallttx of latitude on the Sun's disc ; on 
which account, the visible duration of the transit will be length¬ 
ened : and in the southern parts of the Earth she will be ele¬ 
vated by a parallax of latitude on the Sun, wdiich will shorten 
the visible duration of the transit, with lespect to its duration 
as siqiposeil to be seen from the Earth’s centre; to both v\hich 
affections of duration the j>ai\illaxes of longitude will also con¬ 
spire. So that everv advantage vnIucIi Dr. Halley expected 
from the late transit will be fbuiid in this without the least dif- 
ilcult) oi'emharrassineiit. It is therefore to be hoped, that nei- 
tlur cost nor labour will be spared in duly observing this tran¬ 
sit ; especially as there will not be such another opjiortunity 
again in less than 105 years afterward. 

The most proper places for observing the transit in the year 
'1769 is in the northern part of Lapland, and the Solomon Is»les 
in the Great South Sea ; at the former of which the visible du¬ 
ration between the two intenial coiitactb will be at least 22 nii- 
nules greater than at the latter, even though the Sun’s parallax 
sluHdd*not be quite 9". If it be 9" (w'hich is the quantity I had 

voi. n. u 
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assumed in a delineation of tins transit, wlncli 1 ga^c in to die 
Royal Society before I had heard \^hat Mr. Slioit liad made it 
from the observations on the late transit), the ddfeieiice of tlie 
visible durations, as seen in litipland and in the Solomon IsUs, 
•will be ase\pressc*d m that deliiit «tion , ai.d if* the Sun’s ji.i- 
raUax be less than f)" (as 1 now have wry ^ood leasoii to lu- 
Ueve it is), the difference of durations Mill be less accoidingl}. 
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FERGUSON^S ASTKONOMY. 


CHAP. I. 

ON TIIL FTVE NLW PLANETS*, THE GEORGIUM SIJDU^ CEUES, 
I'ALLAs, JONO, AND VESTA. 

Xin preal acUhtions vlsicli astronomy has lately received, have 
gi\ en a new form to this interesting science, and extended our 
knowledge far beyond the limits ol' the system which wc inha¬ 
bit, Tile disco\tr\ of five primary, and eight secondary pla- 
. nets; the determination of the motion of our system in free 
''pacc; the reference of all the celestial phenomena, and par¬ 
ticularly of the ineqmditics arising from Uic mutual action of 
the ])laijets, to the simple law of gravitation; and the conse¬ 
quent improv cment of our astronomical tables, form a lasting 
monument to the industry and genius of their authors, and 
mark the t lose of the first, and the commencement of the pre¬ 
sent century, as tlie must brilliant period in the history of as- 
Ironmny. 

For several of these important discoveries, wc are indebted 
to the jw/werful telescopes of Sir William Ilerschel, by which 
he delected two of the satellites of Saturn, and all the satellites 
of the Georgium Sidus. The success of this celebrated astro¬ 
nomer gave birth to a spirit of observation and inquiry which 
was before unknown. The heavens have been ei^plored witJi 
the most unwearied assiduity, and this laudable zeal for the ad- 
t^anceinent of astronomy has been crowned with the discovery 
of Pour HCio Planets. 

These additions to the science do not nuorely present us with 
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a few insulated facts similar to those \^itli which wc were formerly 
acquainted: They exhibit to us new and unexpected pheno¬ 
mena, which destroy that harmony in tlu* solar system which 
appeared in the magnitudes and distances of the planets, and 
in the form and }X).sition of their orbits. The six planets A\hich 
formerly composed the system, were placed at somenhat ref>ii- 
lar distances from the Sun: They moved from west to east, 
and at such intervals as to prevent any extraordinaiy derange¬ 
ments which might arise from their mutual action. Their m.u»- 
nitudes, too, with the cxcejition of Saturn, increu'* ’d vMth llu ir 
distance from the centre of the system, and the eccentncll^, .is 
well as the inclination of Uieir orbits, was coinparatlvely small. 
In the present sjstem, however, vie find four very small planet*' 
betwcc*n the orbits of Mars and Jupiter, jjl.iced at neail^ tlu‘ 
same distance from the Sun, and raoviim in verv i-ccentric or- 
bits w'hich intersect each other, and are griatly maimed to the 
plane of the eclijitic. The satellites of the (ieoigium Suliis, 
too, appear to move nearly at right angles to the plane ol his 
orbit; and what is still more surprising, the diuctioii ol tlieir 
motion seems to be opposite to that m winch all the other jil.i- 
nets, whether primary or secondary, circul.ite umnd their re^ 
spective centres 


On the Geoi'gium Skins. 

From inequalities in the motion of Jiqiiter.ind Kiturn, which 
could not be accounted for from the mutual action of thesi* 
planets, it was iHfeiTcd by some astronomeis that there evistetl 
beyond the orbit of Saturn another planet, by whose action 
these irregularities were produced. This hap])y conjectine was 
confirmee! on the.13th March 1781, when Dr. Ilerschel dis¬ 
covered a new planet, which, in complimc'iit to his roval jiatron, 
he called the Georgium Skhis., though on the continent it is 
better known by the names of Hcrsihtl or Unthus. This new 
planet, which had been formerly observed as a small star by 
Flamstead nnd Mayer, and introduced into their catalogues of 
tlie fixed stars, is situated beyond the orbit of Saturn, at the 
distance of 1,800,000,000 miles from the centre of the svstem, 
and performs its sidereal revolution round the Sun in 83 }C'ars, 
150 days, and 18 hours. Its diameter is about times lai’ger 
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than that of tlio Ijartli, being nearly 35,113 English miles. 
IVlien s(*en from the Earth, its apparent diameter, or the angle 
vhieh it subtends at the eye, is iy' 32"', and its mean diameter 
as seen from the Sun is 4". As the distance of the Gcorgium 
Sidus from the Sim is twice as great as that of Saturn, it can 
stareel> be distlngeislu'd by the naked eye. When the sky, 
Iiov. eM'r, is serene, it appears like a fixed star of the fifth mag- 
nil ink', A\ith a bluisli ^\hite light, and a brilliancy between that 
oC Venus and the Moon ; but with .i pow'er of 200 or 300, its 
di-c is \isihlt^and well deliiud. 

'I’lie w.inl of huht jirisimg from the great distance of this pla¬ 
net from tlie Sun is suppla-d bv six satellites, all of which were 
disemered 1)\ Dr. llersclu‘1. 'The/‘rv/ suti'llile is 2.5".5 tiisfant 
iVom its pnniiirx, and ri'\*»l\ts roinul ii in .) days, 21 hours, 
25 minutes. 'J'lie sn'i.'/d saUllue is ij.f'.OJ) distant fi’om the 
planet, and jierfoims its ii''>olution in S da} s, J7hoiir.s, 1 mi¬ 
nute, 10.13 seconds. 'I'he ilistante of thi' satellite is 

t , aiul its perlodie time 10 da}s, 23 hours, 4 minutes. 
'I'he distance of ihv /onr//i satellite is tt".23, and the time of 
its jienodic d revolution 13 days, 11 houis, .5 minutes 1.5. The 
distance of the ///?// satellite is about 1' 28".IG, ami its revolu- 
limi is einn])li'te(l m .38 (hu s, 1 hour, 40 minutes. The 
satellite jilacial at the disiaiiee of 2' 52".92 from the primary, 
;iuil will therefore reijuire 107 davs, IG Injurs, 40 minutes, to 
eom])lele one revolution, 'fhe seeoiid and fourth of these sa¬ 
tellite' Wi'i’e di'-eovered h\ Dr. lliTschel on the 11th Jaiiuaiy 
1187.^ 'fill* other J'oiir were discovered in 1790 and 1794, 
but thi'ir (lisianees ami ]jeriodlc times have not lx‘en so accu- ‘ 
laitlv aseerl.'iined as the other two." It is a remarkable cir- 
lumsliioee, however, that all tlie six satellites move in a rctro- 
gr.ide flireetiyii, and in orbits 1} ing in the same plane, and al¬ 
most j’erpemlienlar to tlu* ecliptic. M. Delambre has found 
that the ineliiiatioiis of ihi’ir orbits are 89° 30', or 90° 30', and 
the a'cemilng node in o" 21 , or 8"* 9', according as we adopt tlie 
(ir-.l or the second inclination. 

Accoiiling to l..a Tlace, the first five satellites of the Gcoi- 
giuiii ^’uliis may he retained in their orbits hy the action of its 
iijunior, and the sixth hy the action of the interior satellites; 

' Ilu> riiil. Transact ions for 1787, p. U’5; 1788, p.304. 

' .Vi- riii’. Tiani. 17!»», Tail I, t. 1?. 
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and hence he concludes, that this planet revolves about an axis 
•very little inclined to the ecliptic, and that tlie time of its 
diurnal rotation cannot be much less than that of Jupiter or 
Saturn.® 

When the Earth is in its perihelion, and the Georgium Si- 
dus in its aphelion, the latter becomes stationary uheii his 
elongation or distance from the Sun is 8" 17° 37', and his j-e- 
trngradations continue 151*' 12’’. When the Earth is in its 
aphelion, and the Georgium Sidus in its perihelion, it becomes 
stationary at an elongation of S’* l(f 27', and the retrogr.idji,- 
tions continue ll*!)'’ 18’’. The iollowing table contains the 
elements of the orbit t)f* the Georgium Sidus, aiulother jsirli- 
ciilars concerning tlii.s jilanet 


Tropical revolution,..'(0(>>*)7 

.Mo.ui distanru ironi tli.: Sun, tlt.it of the l!tirlh 

bcinj' lUaOOO,. 

JlciiMty, tlidt of wdtir bun(; I,. 

i^iiantity of niatiri, tliat ot tlu> K.irth Ining 1,... 

JJianietcr in Kngbsh tniles,. 

Inclination of its orbit in . 

Place of ,'iphebon in 1 ffOO, . It" 

Secular motion of aplulion, . 

Kccentricity of its orbit, the mean distince hi. 

ing 100000, ... 

l..ongitudc Inr 178-1,. 

(Greatest equation of the centic,. 

l.ongitiide of ascending node in 1780,. > 

Secular motion of tlie nude,. 

GrCiUest aberration,... 


Hours. Min. 
4 0 

100H.1.VJ 

<», ... 
10.01 
:t.‘iii2 

nr 20" 
10' :«)' at" 
1 ’ 2jr 2" 

00004 
I4‘ 4:i' 10' 

27' 10" 
12 47 0 " 

i> 41 ;tj' 


On Ceres. 

The planet C’eres, which i.s situated iK'tween tlie orbit.s ol’ 
Mars and Jupiter, was discovered at l*alermo, in Sicil}, on the 
1st of Januaiy 1801, by M. Pia/.zi, an ingenious astronomer, 
who has since distinguished himself by bis numerous observa¬ 
tions on the fixed stars. This new celestial body was ilieii si¬ 
tuated in Taurus, and was observed by I'ia/.zi till tlie 12tb of 
February, when a dangerous illness compelled liim to <liseon- 

See Meeantque Celeste par La Place, tome li, p. 381, tome iv. Preface, and p. 
190, and Mfm, dt L'JfuUtut. tome ui, p. 123. 
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tinue hit. ob.servatioiis. It was, liowcvor, again discovered by 
Dr. Olbert. of Hrenieii, on the 1st of January 1807, nearly in 
the jilaco mIutc it was evptrtwl IVom the calculations of Baron 
Zaeh. The neltiila with winch it was surrounded gave it the 
a|)}iearaiice ol a comet; and it was in consc([iience of the sugges¬ 
tion of Profe-.sor Ihxle ()f Berlin, or of Baron Zacli, that PiozzI 
.ami otlu’ asLroinmiers ranked it among the jdauetary bodies. 

The ])lanet (’eres is ol* a rudily colour, though not very 
<le(‘}), and appeals about the si/c of a star of the eighth magiii- 
tiidi* Jt seems to he surrounded with a larcc den^e atmo- 
splieie, and plainly exhibits a disc*. \ lem examined with a mag- 
iimilv mg power of about 200. Prom .i great niiinber of ohserva- 
iion'>, '•'(luoiler found the atmosphert of ('eres to be 675 Kug- 
lisli nnles high, and he jiercened that it w.is suhjeet to iiuine- 
loiis ili.mgv 'l'li(‘ li'.ihle iKinisphere was sometimes over- 
'.li.uloweil, and at oth'T times it cleared up; so that lie thinks 
llu'ie )s little cliaiue oi diseo\enng the period of its diurnal ro- 
laluai '^riie atmosplu re of* (’eres, hkt that of the Kartli, is 
tUnse mai the jil.iiiet, and becomes rarer at a greater dis- 
• laiiee, v Incli prodiuis a \ tiy singular eftiet in the variations of 
Its a])])aient dianutei. A\lRn C'eres is approaching to the 
llaith, its diaiiK'ler inertases imuh more rapidly than it ought 
.to do from the diiniuiition of the distance. This arises, as 
Sihroeter has observed, from the finer exterior strata of its atr 
iiiospiKTc hetoming visible while it approaches the Karth. A 
sinnlai }>1 k iiominon was observed in the comet of 1799, wdiere 
du‘ liner and less solid strata of its coma came into vdew as its 
proximity to the P.arth increased. In mooulighl, the rarer 
strata of (Vres\ atmospluTc became invisible. 

Ceres porlornis her revolution round the Sun in four years 
seven inonths and ten d.iys; and her mean distance f*rom that 
luminary is neaily 260,000,000 of English miles. The eccen- 
tricit v of her orbit is a little greater than that of Mercury, 
while its iiKlination to the ecliptic exceeds that of all the old 
planets. The observations which have been hitherto made 
u])ott this celestial body do not seem sulli^iently correct to 
enable us to determine its magnitude with any degree of accu- 
nuy According to the measurements of Ilerschel, the diamet^ 
of C’eres does nut exceed cnic hundred and stjcfij miles, while the 
ohseAatioiis oflhe Geim.ui astronomer Schnx’ter make it lOSI 
miles*' Sclu’octer accounts for this remarkable difference be- 
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•tween liis measurements and those of Dr. Ilcrschel, by main¬ 
taining, that tile pr«)jectlon-micrometcr used by the Enpflish 
aslronoincr was plac^il at too ^cat a distance from the eye, 
and that ho measured only the ndddle clear part of the nucleus 
of the planet. Schroeter made a number of experiments on this 
interesting subject, from which he has concluded, that, for long¬ 
sighted eyes, an illuminated projcclitm-disc must not be re- 
inovetl above eight feet from the eye of the observer ; and th.it, 
when the distance is greater, the diameter of the planet is found 
tcK) small, by a quantity depending on the increg,hc of distance, 
on the degree of ilhnninalion, and on the state of the observer's 
eye. When the pro ject ion-discs were placed at the distance ol’ 
3 feet 9.9 inches, and 4 feet 3.9 inches from the eye, the dia¬ 
meter of Juno was found to be 2.596 .seconds; but when a 
disc, 3.5 inches in diameter, was removed to the distance of 1 ft! 
feet 4 inches froni the observer, the diameter of Juno was 
found to be only 0.50 seconds,—about five times smaller than it 
ouijhl to have been. 

The following Table ])re'-ents, at one view, the various jjar- 
ticidars which are hiunvil respecting the jdanet Ceres. 

Years. Months. D.nys. 


Tropical revolution, /■«//«nrfc,. 4 7 10 

Do. ftoni JVIaskclync’b table,.Ibul*' 12'‘ !)'" 

Animal motion,. 2'- 18" 11' 

JM can longitiulb, January 1, 1818,.10' 28° 51' 7" 

Place of ascending node in 1818,.2' 28' 4«V V 

Place of perihelion iu 1818,. 4' 27' 18' 21" 

Kccenuicity in 1808, the mean distance being I, 

according to Wcstphal,. 0 07851.'>80 

Annual diminution,. 0.00000.')8.‘{ 

Inclination of orbit in 1818,.. 10" 87' 55" 

A nnual diminution,... O". 14 

A nnual motion,. . . I". 48 

JVIcan distance from tlie Sun, that of the Sun from tlic 

llarth being 1,.. 2.788 

Mean distance in 1 English miles,. 280.800.000 

JManietcr in ^English miles, Jlerichel, . 188 

Do. do. Schroetet, . 1821 

J}o. do. including the atmosplieie,. 2280 

Height of Cercs%atnioHpheie, . 877 

Apparent mean diameter, at seen from the Earth, ac¬ 
cording to Harding,. 2".5 

D >. Kcoidi'ig to Schroeter, comprehending the atmo¬ 
sphere .’it the mean dist.uicc of the I'arlli. 8".882 

.Mean ili'i'iul tiopiial motion, accsudnigto Wcstphal, 770".778!1 

*>1 It gicatcr axis,. 0.1421U28 
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On Pallas. 


• T o planet PaUas, was discovoreil at* Bi’enien, in I.owcr 

Sa\<)ii>, on llio !s28th ]\r{irc*li 180'2, by Dr. Olhers, the wune 

<ictne aslronomer wbb vnhscweml (’ores. It is situated be- 

* 

tneen the orbif^iof ]Mars and Jupiter, and is nearly of the same 
niagmtiidc viith Ceres, but ol’ a less ruddy colour. It is sur¬ 
rounded viith a nebulosity of less extent, and ]K*rforms its an- 
nu.il rexolution in nearly the same period. The planet Pallas, 
howevei, is distinguishal in a verj remarkable nianfier froii^ 
C’eros and all tlu* otlu‘r primary planets, by the immense iiicli- 
nalioii of its orbit. While these hoihes are rc\ohing round the 
Sun ill almo«t tirciilir paths, lising only a few degrees above 
the ])laiu <J the ecliptic, I’allas ascends abo\e„this plane at an 
.nigle of .il out ^25 degie<‘s, which is neaily four times greater 
than the mchn.uion of Mereuri. From the eccentricity of 
J*allas being greater than that of Ceres, or Irom a difference of 
|xisition in the line ot tlu*ir apsidc*s, while their mean distances 
are nearly I'cjual, the mbits of these two ])lanets mutually in¬ 
tersect each othe'r—a phenunnenoii w hieh is altogether anoma;- 
lous in the solar s^stenn. 

The atmosphere of Pallas, according to the observations of 
Schroeter, is to that of Ceres as 101 to 14{>, or nearly as 2 to 
a. It undergoes similar change^**, but tbc light of the planet 
exhibits greater variations. On die 1st of April, the atrao- 
sjiliere of Pallas suddenly clcarcel up, and the solid nucleus or 
disc of the planet was alone visibk, About^ 24 hours after¬ 
wards she appcare'cl pale and surrounded with fog, and this ap¬ 
pearance continued during the 3d and 4th of April. SdirocteT 
has shew n, that this phenomenon docs not arise from the diurnal 
rotation of the planet. 

The diameter of Pallas has not 3 ^ctbccn determined wifli suf¬ 
ficient accuracy. Dr. Hersehcl makes it only 80 miles, which 
,js but one-half the diameter of (\Tes, while Schi*octcr makes it 
no less than 2099 miles, which is considerably largei; than the 
Hiagnltudc dial he assigned to Ceres, The elements of the 
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orbit of Pallas, and the other particulars which are known re- 
spicting Uiis planet are given in the following Table 


Tropical revolutioo,. 

Sydereal revolution, from Maskelyne’b table,. 
Annual motion,. 


Stijean longitude, January 1,1803,. 
Place of ascending node u 1803, ... 
Place of penhehon,, 


Uccentridty, the mean distance being 1, 
Inclination of orbit m 1803, 


Years. Months. 

Days. 

- 4 

7 

11 

, 1703«» 

16»* 

4ft' 

- 2« 

18' 

11" 

. 221* 

34' 

63".64 

. 172* 

28' 

12'.48 

. 121* 

8' 

8".51 

0.2447424 

24» 

37' 

28".;t5 


Mean distance from the Sun, that of tlie Earth being 1, 
Mean distance in English miles, 

Diameter in English miles, according to Hersdiel,.. 
Ditto ditto according to Schroeter,............................ 

Ditto ditto, comprehending the atmosphere,. 

Height of Pallas’ atmospliere,. 


Apparent mean diameter, as seen from the Earth, ac< 

cording to Herschcl,...._ 

Ditto according to Sdirocter, comprehending the at. 
mosphere atuthc mean distance of the planet from 
the Edrtli, 


2.768 

266,000,000 

80 

20.99 

3036 

468 

0".5 


6".514 


On Juno, 

The planet Juno, situated between tlie orbits of Mars and 
Ju}>itcr, was discovered by Mr. Harding, at the observatory of 
Lilicnthal, near Bremen, on the evening of the 1st Sejitember 
1804. While tliis astronomer was forming an atlas of all the 
stars, so far as the eighth magnitude, which are near the orbits 
of Ceres and Pallas, he observed, in the constellation Pisces, a 
small star of the eighth magnitude, which was not n.entioned 
in the Histoire Celeste of La Lande; and being ignorant of 
Its longitude and latitude, he put it down in his chart as nearly 
as he could estimate with his eye. Two days afterwards, the 
star disappeared ; but he perceived another which he had nut 
seen before, resembling the first in size and colour, and situated 
a little to the south-west of^ its place. He observed it again on 
the 5th of September, and finding that it had moved a little 
fardier to the south-west, he concluded that this star belonged 
to the plknetary system. 
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' The planet Juno is of a reddish colour, and is firee from that 
nebulosity which surrounds Pallas. Its diameter and its mean 
distance are less than those of the other new planets. It is dis¬ 
tinguished from all the other planets by the great eccentricity 
of its orbit; and the effect of this is so extremely sensible, that 
it passes over that half of its orbit which is Insected by its peri- 
helion, in half the time that it employs in describing the other 
half, which is fardier from the Sun From the same cause, its 
greatest distance from the Sun is double the least distance, tlte 
difference between the two distances being about 1S7 millions 
of miles. 

Though there is no nebulous appearance around the planet 
Juno, yet it appears from the observations of Schroeter, that it 
must have an atmosphere more dense than that of any of the 
old planets of the system. A very remarkable variation in the 
brilliancy of this planet has been «>b'-erved by this astronomer. 
He attributes it chiefly to changes that are going on in its atmo- 
s{)here, tlunigh he thinks it not improbable that these changes 
may arise from a diurnal rotation performed in 27 hours. The 
following elements were calculated by Nicolai. 


Years. Days. 

Annual revolution, ... 4 128 

Ma|p longitude, 1819, at Manheiiu, . 117° 45' 2".84 

Place of ascending node, . 171° 6' 50''.28 

Place of pcnhclion in 1819, . SS** 32' 58".09 

la'centncity, Ciauss, . U.2543C34 

inebnation of orbit, . 13° 3'^ 37".29 

Mean distance from the Sun m lilngb^i miles,. 280,000,006 

Mean distance, . 2.G69 

Daily tropical motion, . 813".8ti981 

Diameter in Knglisli miles, according to Schroeter, 1425 

Apfiarent mean diameter, as seen from the Earth, 

aecording to Schroeter,..... 3".057 


On Vesta. 

From the regularity observed in the distances of the old 
planets from the Sun, some astronomers supposed that a {danct 
existed between the orbits of Jupiter and Mars.** The dis- 

* Thu ides was entertained by MM. Lambert, Bode, and Wurm. By as- 
luming fo m the mean distance of the Eartli from the Sun, they fbond the 
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covepy of Cores confirmed this happy conjecture^; but tlie opi¬ 
nion which it seemed to establish respecting tlie harmony of tlie 
solar system, appeared to be completely overturned by the dis¬ 
covery of J^allas and Juno. Dr. Olbers, however, imagined 
that these small celestial bodies were merely the fragments of a 
larger planet, which had been burst asunder by some internal 
convulsion, and tliat several more might yet be discovered bo- 
tw'cen the orbits of IMars and Jupiter. He thcreti)re concluded, 
that though the orlnts ^f all these fragments might be difierent- 
ly inclined to the ecliptic, yet, as they must ha\e all dherged 
from the same point, they ought to have two common points of 
reunion, or two nodes in opposite regions of the heavens, 
through which all the planetary fragments must sooner or later 
pass. One of those nodes Dr. Olbers found to be in Virgo, 
and the t>ther in the Whale, and it was actually in the latter of 
these regions that Mr. Harding discovered the planet Juno. 
"With the intention, therefore, ol‘ detecting other fragments of 
tlie sup])osed planet, Dr. Olbers examined thrice cAerv year 
all tlie little stars in the opi)osite constellations of the Virgin 
and the Whale, till his labours were crowned with success on 
tlic ilQth March 1807, by the disccnery of a new planet in die 
constellation Virgo, to which he gave die name of \ esta. 

As stwn as ilils discovery was made known in England, th'' 
planet Was obser\cd at BlacUieath, on the 2fith April 807, by 


ing Tcniarkablc law in the fint differences of the distances of the other planets, in 
round nunibeis 

UisUnccs. 

Mercmy, — 4 

Venus,—7 ^ 4 + 3.2® 

F.artli,_10 = 4 + 3.2‘ 

IVlars,_1C = 4 + S.2^ 

f’eret, _28 = 4 4-32’ 

Jupiter, ............._52 ^ 4 + 3.2* 

Saturn, — 4 + 3.2* 

Ur^ius,.................,19C = 4 + 3.2* 

f 388 =-4 4- 3.2' 

The flKtances of more remote J 772 — 4 4- 3.2* 

rianets, if they exi^t, '1 1640 — 4 4- 3.8‘* 

I, 3076 = 4 4- 3.2>'> 

•e 

If we begin to redcon from Venus, and call n the rank of the planet, its distance 
will be 4 4- 3.2" 'Hiis table may be prolonged by doubling the distance, begin¬ 
ning from the Earth, and subtraddng 4. Thus for Uranus, we have 2 x 100 4 

a* 196. This law, which is quite empirical, is not rigorously accurate, and [no 
conjecture bos yet been formed respecting the foundation of ib See De Lambre** 
tom, ii, p. 649, 56^ * 
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S. Groombridgc, Esq^ au ingenious and active astrotiotticr; wiio 
has successfully devoted Ms leisure and his fortune to the ad^ 
vancenient of astronomy. He continued tq observe it with his 
excellent astronomical circle till the 20th May, when, from Us 
having ceased to become visible on the meridian, he had re¬ 
course to equatorial instruments. On tiu* 11th of August, Mr. 
•Groombridge resumed his meridional observation, from which 
he has computed part of the elemynto of its orbit; ‘and he h.>d 
the good fortune to observe the ecliptid op]:)osilion of the 
()l;niet on the ti]Lh of Sejitember 1808, at 1*' 80', in longitude 
11' 15’54'20". His observations were contkiued till the be¬ 
ginning of November 1808, and he expected to have found the 
planet agstin at its opposition in February 1810; hut, from a 
eoiitinuance of cloudy wcatlu^r, and probably from civois in the 
elenjonts, he did not succectl. 

T1 jc planet Vesta is of the .llli or Gth magnitude, and inny 
he seen in a clear evening by the naUed eve. Its light is more 
intense, pure, .'tiul ^vhlle thsiu aii'y of the other three ; and it is 
ver\ similar m its appe.inniee to the (ieorgium Sidus. It is 
n<»t surroinuled with any nehnlosiiy; and even with a power of 
(>80, Dr. Jlerschel eouhl not perceive its real disc. The orbit 
<»!’ W-'ta cuts the orbit of Pallas, but not in the same jdace 
whore it is cut by tliat of Ceres. According to the observa¬ 
tions of Scliroeter, the apparent diameter of Vesta is only 0.488 
, ol'ji second, one ludf of vihat lie fbliiid to he the apparent dia¬ 
meter of the till satellite of Saturn ; and \et it is vei’y remark- 
jihK‘, that its light is so “intense, that Scliroeter saw it several 
limes viith liis naked e^e. 

]VI. Burckhardt is of ojnuioii, that I^e iMonnier had observed 
tills planet as a fixed star, since a small star, situated in the 
same pljice, and noticed by that astronomer, has since disa^)-^ 
jitared. 

The following arc the elements of tlie orbit of Vesta, com¬ 
puted by Mr. Groombridge, from his owu observations. 


llevolutioa, - - - --- - 1*1 I 

Place of pertlielion, ...- 

’ Place of aacendiiig node, .■, -.. 

Inclination of orbit, ---- - 

Mean diatance, - 

Pk^tticity in parts t>f die Karth’s radius, 


Yjears. Days. Hours. 

3 66 4 

. 8- 13** (X' O'' 

. 3* 14» 38' 0" 

7 “ 8 ' 20 " 
2.163 

. 0.0003 
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The following ekments are given liy Gauss :-«> 

Mean kegitaide at Gotdngttiy 204* 40^ 46'* 

HaeeofaaMidlagnode, ---- 103* 10* 41** 

Place at perihelion,* 250* 19* 36** 

Iiidination ef orbit, 7” 7*51" 

Mean distaose, 2.363198 

HcecDtncity, ^.......... ~ 0.183826 

The orbits of the four new planets projected from the placci. 
of their perihelion, and their eccentricities^ as given in the prt'- 
ceding elements, aro represented in the view of the solar sys. 
iem given in Plate I, and in Plate IV, Fig. 1. The mean div 
tances employed dre, 

Ceres. .. 2.765 

Pallas,_2.791 

Juno, _ _ 2.657 

Vesta, . 2.373 


The orbits appear to intersect each other in variou<> places; 
and it is obvious, that the points of intersection must be perpe¬ 
tually shifting, according to the changes in the aphelia of the 
planets. 

For farther information respecting the four new planets, siv 
Herschel, P?til Trans, 180S, p. 213. Schroeter, Lilicntha- 
llsche Bcohmhtuugcn (Jer neu eretdecken phincten Cetes, Pallas^ 
und Jtmo, Gottingen, 1805. Schroeter, Phil. Ttans. 1807, 
Fart ii, p. 245. La Lsgide, Jounud de Physique, Brum. An. 
12. Cmntnsmnce de Terns, 1809. Groombridge, Phil. Jfc^. 
vol. xxvii, p 281.; vol. xxxi, p. 228. Id. p. 321. 


CHAP. II. 

ON THE OEIGIN OF TJIJ? FOUR NEW PLANETS, AND ON MET! ORIC 

STONES. 

(* 

ilrigiifofthe The existence of four planets between the or- 
Ifoar newida- bits of Mars and Ju]|lter, revolving round the Sun 
“**“■ * at neiffly the s^ne distances, ^d differing from all 
the other planets in their diminutive riae, and in die form and 
pOsidon ofj:heir orHts, is one of the most singular phenomena 
in ^he history of astronomy. The incompatibility of these phe- 
* rtq|aM Ma with the regularity of the planetary distances, and with 
the genexal hannony of the system, naturally suggests the opU 
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nion that the irregularities in this part of the ajrsteqiiiv^ pnu 
duced by some great convulsion, and thtft the Imir ore 

the fragments of a large celestial body which onc^ exiirted between 
Mars and Jupiter. If we suppose these bodies to be indipeB* 
dent planets, as they must b^ if they did not originally form 
one, their diminutive size, the great eccentricity and indina* 
lion of their orbits, and their numerous intersections when pro> 
jcctcd on the plane of the ecliptic, are phenomena Absolutely 
inexplicable on every principle of science, and completely sub¬ 
versive of that harmony and order which before the discovery 
of these bodies'pervaded the planetary system. But if we ad¬ 
mit the hypothesis, that these planets arc the remains of a lar¬ 
ger body, -which circulated round tlie Sun nearly in the orbit 
of the greatest fragment, the system resumes its order, and we 
discover a regular progression in the distances of tlie planets, 
and a general liarmony in the form and position of their orbits. 
To a mind capable of feeling the force of analogy, this argu¬ 
ment must have no small degree of weight, and might be 
reckoned a sufficient i'ouiidatioii for a philosophical theory. We 
are fortunately, howe\er, not lett to the guidance merely of 
analogical reasoning. 'I’he elements of the new planets furnish 
us with several direct arguments draw n from the eccentricity 
qnd inclination ol* their orbits, and fnim the position of their 
perihelion and node s, and all concurring to shew that the four 
new planets have diverged from one* point of space, and have 
therefore been originally combined in a larger body. 

To those who are acquainted with physical astronomy, it is 
needless to state the difficulty of ascertaining the paths of four 
Imdies whose masses are known, and which have diverged from 
one common node, with velocities given in quantity and direc¬ 
tion. .This problem is much more perplexing than Uie cele¬ 
brated problem of three bodies, and is therefore beyond the 
grasj) of the most refined analysis. It is not difficult, however, 
to ascertain, in general, the consequences that would arise from 
the bursting of a planet, and to determine within certain limitS 
the form and position of the orbits, in which the larger frag** 
nients would revolve round the Sun. 

When the planet is burst in pieces by some intemal ^zee ca¬ 
pable of overcoming the mutual attraction of the fragments, it 
is obvious that the larger fragment will receive the least impetus 
from the explosive force, and will therefore circulate in an orbit 

VOL. n. M 
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deviatii^ lew than any other of the fragments from the original 
rile large planef; while the lesser fragments being thrown 
off with greater vriocity, will revolve in orbits more eccentric, 
and more inc^inea to the ecliptic. Now the eccentricity of Ceres 
and Vesta is* nearly of their, mean distance, that of Ceres 
\»eing rather the greatest; and the eccentricity of Pallas and 
Juno is I of their mean distance, tlie eccentricity of Pallas being 
a little greater than that of Juno. We should therefore expect 
from the theory, that Pallas and Juno would be consider^ly 
smaller than Ceres and Vesta, and that Ceres should be the 
larger fragment, and should have an orbit more analogous in 
eccentricity and inclination than that of any of the smaller frag¬ 
ments to the other planets of the system. In so far as the dia¬ 
meters of the new plaoiets have been measured, the theory is 
most strikingly coniinned by ob&ervation. According to Dr. 
H^rschel, die diameter of Ceres is 163 miles, while that of 
Pallas is only 80. The observations of Schrocter make Juno 
conriderably less than Ceres: and though the diameter of Vesta 
has not been accurately ascertained, yet the intensity of its 
light, and the circumstance of its being distinctly visible to the 
naked eye, are strong proofs that it exceeds in magnitude both 
Fallas and Juno. The striking resemblance between the two 
lesser fragments Pallas and Juno in their magnitudes, and in 
the extreme eccentricity of their orbits, would lead us to antici¬ 
pate similar resemblances in the position of their nodes, in tlie 
place of their aphelia, and in the inclination of their orbits ; 
while the elements of Ceres and Vesta should exhibit similar 
coinddences. Now the inclination of Ceres is 10°, and that of 
Vesta 7°; while the inclination of Juno is 31°, and that of Pallas 
341**; the two greater fragments having nearly the same incli. 
nation, and keeping near the ecliptic, while the leaser fi'agments 
diverge the original path, and rise to a great Height above 
die ecliptic, and far above the orbits of all the otlier planets in 
**the system. The inclination of the orbits of all the new planets 
represented in Plate V, Fig. 34, where the greatest angle 
of divergency is If it shall be found, from observa¬ 

tion, that Vesta is cme of the smaller fragments, we may then 
account for its podtion with regard to Ceres, and for the small 
indination and eccentricity of its orbit, by supposing the planets 
Ceres, Pallas, and Juno, to have diverged in the same plane, 
and nearly at ri^t angles to the ediptic, while Vesta diverged 
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from the direction of |he original planet ia a pkme pb||i4bI with 
the ecliptic. This will be understood from Fig ii&f wheiw O C 
is the path of the greater fragment Ceres; OJ^OP^ the ihveD- 
tion in which the fragments Juno and Pallas projected, 
lying in different planes OCJyOCP; and O K, the directioa 
in which Vesta was projected in a plane O C V, nearly perpen* 
dicular to the plane O P C. This opinion is strongly confirmed 
by the fact, that the orbit of Vesta is nearer to the Sun than 
any of the orbits of the other three fragments. * 

In the position of the nodes, we perceive the same coincidence. 
The orbits of Pallas and Juno cut the ecliptic in the same point, 
and the nodes of Ceres and Vesta are not far distant. TMs will 
be distinctly seen in Fig. 26, where tlie* two smaller fragments 
still keep together, and the two larger ones are not very remote. 

If all the fragments of the original planet had, after the ex¬ 
plosion, been attracted to the larger fragment, it is obvious that 
they would all move in the same orbit, and consequently have 
the same perihelion. If the fragments received a slight degree 
of divergency from the explosive force, and moved in separate 
orbits, the points of their perilielion would not coincide, and 
their separation would increase with the divergency of the 
fragments. But since all the fragments partook of the modon 
of the primitive planet, the angle of divergency could never be 
very great, and therefore we should expect that all the peri¬ 
helia of the new planets would be in the same quarter of the 
heavens. This theoretical deduction is most wonderfully con¬ 
firmed by observation. It will appear from Fig. 27, where we 
have projected the perihelia of the four new planets, that all the 
perihelia arc in the same semidrcle, and all the aphelia in the 
opposite semicircle; the perihelia of the two larger fragments, 
Ceres, iflid Vesta, being near each other, as might have been ex¬ 
pected, while there is the same proximity between the peiiheUa 
of the lesser fragments Fallas and Juno. 

These singular resemblances in the motions of the greater 
fragments, and in those of the lesser fragments, and the strife- 
ing ^incidence between tl^ry and observation in the eocentii- 
city of their orbits, in their inclination to the ecliptic, in. the po- 
itition of their nodes, and m the places of their perfiidjia, are 
piienomena which could not possibly result from chance, and 
which concur to prove, with an cadence amounting tohnost to * 
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demoustmtion, that the four new planetjjs have diverged from 
one oomRMNi node, and have therefore composed a single pianist. 
Ontiteotigin proceed to consider the other phe- 

ofirwteorie nomena which might be supposed to accompany 
***"**•* this great convulsion. When the coheraon of the 
planet was overcome by the action of the explosive force, 
a ntindier of little fragments, detached alrnig with the greater 
masses, would, on account of their smallness, be projected with 
very great ^ elocity; and being thrown beyond the attraction 
of the larger fragments, might fall towards the Earth when 
Mars ha})peiied to be 'in the remote part of his orbit. The 
central parts of the original planet lieiiig kept in a state* of high 
compression by the snjlbrincunibeiit weight, and tliis compress¬ 
ing force being removed by the destruction of the body, a num¬ 
ber of less fragments might be detached from the larger masse** 
by a force similar to the first. TIich* fragments will evidently 
lie thrown off with the greatest veloeitv, and will ahvays be se¬ 
parated from those parts which formed the central portions ol 
the primiti\e planets. The detached fragmeiils, tliercfore, winch 
arc projected bejond the attraction <jf the larger masses, must 
^always have been torn from the central ])arls of the original 
body; and it is capable of demonstration, lliat the superficial or 
stratified parts of the ]*lanot could never be jirojected from tiu* 
fragments whicli tliey accompany. 

When the portions which are thus detached ai riv c witliin the 
sphere of the E-irth’s attraction, they may revoke round that 
body at different distances, and may fall upon its surface in 
consequence of a diminution of their centrifugal force; or, being 
struck by the electric fluid, they may be precipitated on the 
Earth, and exhibit all those phenomena which usually accom¬ 
pany the descent of meteoric stones. Hence w’c perceive the 
reason why the fall of these bodies is sometimes attended witli 
eEplosions, and sometimes not; and why they generally fall 
oitdiqudly, and sometimes horizontally, a direction wliicli they 
** sever could assume if they descended from a state of rest in the 
atmosphere, or had been projected from vcdcanoes on the surface 
oftheEaith. ^ * * 

llg. If we oompaie the specific gravity of meteoric stones with the 
f^nnty eff the new plao^, we shall obtain another argument in 
aupport of the theoiy. It appears from the observations of Dr. 
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Maskelyne on the attraction of ShehaUien, and paMt^Urly 
from the experiments of Mr. Cavendish on the attraotMM of 
leaden ballS) that the density of the Earth increases^ towanijl its 
' centre; and therefore the density of the central parts must ex¬ 
ceed the average density of foe whole globe. This gradafom of 
density no doubt arises from the weight of foe superincumbent 
mass; and hence we are fully entitled to conclude, that foe 
density of foe central parts of every Other planet is greater fomi 
the average density of the body. As it is demonstrable, there¬ 
fore, that the fragments of the large planet, which are supposed 
to be meteoric stones, must have been detached from the central 
parts of the primitive planet, the specific gravity of meteoric 
stones ought t<i exceed foe average density of tlie planet. Ac¬ 
cording to the observations of Mr. Playfair, the density of She- 
hallien i only 2.7, while that of the Earth is 4.8; so that the 
density of the central parts of our globe cannot be less than 7 
or 8, in order to make up the mean density. Now, the density 
of the new plaiii’ts, e‘'timatcd from their position in the system 
by the method of IjUgrauge, is nearly 2; and rcasomng from 
analogy, and following the proportion already staled in the case 
of the Eartli, mc should expect that tlie average density of me¬ 
teoric stones should be about 3.2, ^vllllh )iap])c*ns to be tlie ex- 
*act specific gravity of the greatest number of diesc bodies. 
This coincidence is truly surprising, and when taken in connec¬ 
tion with the evidence arising fmm the form and position of the 
orbits of the now ])lanets, givesa probabiiit;y to the tlicory which 
no other hypothesis can claim. Those who maintain tW me¬ 
teoric stones have fallen from the Moon, or hav e liecn produced 
in our own atmosphere, have ado))ted these hypotheses because 
they h.«l no other to choohc. To suppose that dense bodidi, 
contdJiiing a great proportion of iron, are generated in foe fidr, 
is an assumption repugnant to every principle of science; alid 
to niaintaiii tiiat they are projected by lunar volcanoes when 
such volcanoes arc only conjectured to exbt, and when a force of, 
projection would be requisite, which has never lieen exhifaifMid 
in any volcanic eruption on our earth, is one of foo8e^hyp&. 
theses whicli is neither suggested by fads, nor founded an ima- 
* logy. Astronomers have indeed perceive)^ some faint gleams of 
light Joi the obscure part of the lunar disc, but this ia no proof 
jthat these radiations are the flames of a volcano. The aero¬ 
naut', who is hovering above our own globe, might, vvitii equal 
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ju8ti<4, imagine, that he was soaring above buniing mountains, 
iriien he saw merely an acddental fire, or was contemplating 
trac;^ of hepth that were ocQiaimmlly blazii^ upon its surface. 

We shall now conclude this section, by endeavouring to an¬ 
swer a very plaurible objection which may be urged against the 
preceding theory. If meteoric stones are the iragments of a 
planet, why are they all of the same kind ? If our own Earth 
were to be burst in piecesf, we should find among its fragments 
stones of every description. This objectipn is founded on the 
supposition that the Earth is everywhere stratified, and that 
there exists at its centre the same diterrity of minerals whicli 
occur at its surface. This opinion is purely hypothetical. We 
have scarcely penetrated beyond tlie surface of the globe, and 
we have every reason to believe that the stratification is com¬ 
pletely superficial. The density of the internal mass is known 
to be extremely great, and the magnetism of the Earth de¬ 
monstrates that this mass must be eith&r iron-stone or melt¬ 
ed, metals which have the magnetic virtue. Now, if we sup¬ 
pose the Earth to be burst in piece® by some internal force, 
the smaller fragments that would be projected beyond its 
^here of attraction must come from the central parts, and 
none of the superficial or stratified parts would be detached 
from the fragment to which they bmong. The only way in 
which we can conceive the superficial parts of the planet to be 
affected, is by the shock given to the fragment on which they 
rest. But this shock cannot possibly produce a velocity greater 
thiwi the velocity of the fragment itself; and since die fragment 
is supposed by the hypothesis to continue in an orbit not far 
fixim ihe orbit of the original planet, its superficial parts must 
Sao remain in the same re^on of the heavens. The portions of 
owr globe,'therefore, that would be thrown beyond the reach of 
ita attraction, would be the dense parts towards its centre, which 
in all pipbal^^lity would be either iron-stone, or melted metals 
that had the magnetic virtue. Reasoning from analogy, there¬ 
fore, we should draw the same condurion respecting die imagi¬ 
nary planet between Mars and Jupiter; and it is a very singu- 
, lar circumstance^ that meteoric stones contain a great porportion 
of iron, that they are ^endowed with the magnetic virtue, and 
'that the large meteoric stones which have been found in Siberia 
and in South America are masses of melted iron. 

i^uld not be difficult to anticipate a number of objections 
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vhich ndght be urged against the preceding 
ever formidable these may be, we ought to remember, that apoh 
difficulties do not belong to the hypotheds itself, but adsefrom 
our ignorance of the changes indu^ upon the fragments dur¬ 
ing thdr passage through the Earth's atmosphere; and that 
they belong equally to every hypotheds that has ^ yet been 
suggested. It is not fair, therefore, to demand from bne theory 
an explanation of difficulties which belong to all. It is sufficient 
to give a plaudble explanation of the phenomena; and to com¬ 
bine, under a general principle, the scattered facts that cannot 
otlierwise be generalised consistently with the established laws 
and analogies of nature. 

Since the preceding views were laid before the public, the 
celebrated M. De Lagrange has published a memoir on pla- 
nctary”explodon, in the Connolsscmce des Terns for 1814, p. 
Sll. He supposes the bursting of a planet to be a very pro¬ 
bable event, and he has investigated formula for computing the 
velocity with which the fragments of a burst planet must be 
projected, in order to move in elliptical, parabolic, or hyper¬ 
bolic orbits. He determines also the explosive force necessary 
to burst a planet, so that one of its fragments may become a 
comet, and he shews that a fragment detached from the Earth 
would become a direct comet if the velocity of its projection 
were 121 times that of a cannon-ball, and a retrograde comet, if 
its velocity were 196 times that of a cannon-bali. For planets 
situated beyond the orbit of the Georgiam Sidus, a velocity 
12 or 15 times greater than that of a cannon-ball would make 
Uic fragments move in an elliptical (X parabolic orbit, whatever 
be the dimensions of (he direction in which they are projected. 
In the of othef planets than the Earth, the number jof 
times *lhe velocity of a cannon-ball tliat the fragment should 
have to become a comet will be found by dividing 121 or 156, 
according as it is to be direct or retiograde, by the square root 
of the mean distance of the planet. As a less velocity is xe- 
([uisitc to make the fragments move in an ellipse, the velocity 
ncccsikary for the four small planets wiU be less than 20 times 
that of a camion-ball. 
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OK THE KEW SXSCOVEEIES, &C, IK MEECUBY, VEKUS, MA|LS, 
^ JUPITEB, AKD 8ATUBK. 

Hoveyeb brilliant have been the discoveries in astronomy, 
by Which the present century has been distinguished, yet tliose 
which were made on the old planets of the system by Dr. 
Herschcl' and Mr. Schroeter, with the assistance of powerful 
telescopes, are not less interesting and important. The dis¬ 
covery of mountains in Mercury and Venus, of the double ring 
and interior satellites of Saturn, and the determination of its 
diurnal revolution, arc a few of Uie important facts wdiich have 
been added to astronomy, by the improvement of the tele¬ 
scope. 

On Menmy. 

The planet Mercury is about 3224 Englisli miles in diameter, 
and revolves round the Sun at tho distance of 37 niillions ot 
miles. He emits a brilliant white light, and twinkles like the 
fixed stars. The dazzling splendour of his raj's, the short¬ 
ness of the interval during which obser\ ations can be made 
izpon his disc, and his proximity to the vapotiis of the hori/ou 
when he is observed, have prevented astronomers from making 
any interesting discoveries respecting tliis planet. When Mer- 
tury is viewed with a telescope of high magnifying power, he 
exhibits to all the other planets nearly the same phases, the 
Moon does to the Earth, being sometimes horned, and t>omc- 
rines nearly full. Dr. Herschel has frequently examined 
Mercury with telescopes magnifying SOO and 300 times; but 
he aj^ways appeared equally luminous in every part of his disc, 
without any dark spot or ragged edge. Mr. Schroeter, how¬ 
ever, would appear to have been more successful. He ihain- 
tains that he has seen not only spots, but even mountains, in 
Mercury; and that he succeeded in measuring the altitude of 
two of them. One these mountains was little more than 
1000 tmsas in height, but the other measured 8900 tpises, or 
ten fiiUee and three quarters, which is nearly thrice as l^igh as 
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Chimboraco, the highe'st mountain upon our own 'Earth. The 
highest mountains are situa^ in the sputhem hemisphere 
Mercury. By examining the variation in the daily appearance 
of Mercury's horns, Schrbeter found the period his ^Ufsad. 
rotation about his axis to be 34 days 5 hours and 38 minutes. 
Wallot imagined that Merciury h^ a horizontal refraction of 
276" ; but Bugge, when observing the transit of this planet in 
1803, could perceive no traces of an atmosphere. 


Venus 

We have already given some account of the observations by 
which Cassini and Bianchini endeavoured tp ascertain the diur¬ 
nal revolution of Venus. "figures 1st and 3d of Plate Plate II. 
II, S//p. represent the spots observed by Bianchini. Fig. 1. and 2. 

The jxiwerful telescopes of Dr. Herschel and Mr. Schrocter 
have been j-econtly employed in examining the various ap¬ 
pearances of this planet. On the 19th June, 1780, Spot&of 
Dr. Herschel observed spots upon the surface of this ^enus. 
planet, as represented in Figure 3d, where adc piatcll. 
is a bluish darkish spot, and c e d a brighter spot. 

They met in an angle at a point c, about one-lhird of the dia¬ 
meter of Venus from the cusp o. This astronomer also ob¬ 
served, that Venus was much brighter round hci limb, tlian in 
that part which scpar||tes the enlightened from the obscure part 
of her disc. As this brightness round her limb diminishes 
pretty suddenly, it resembles a narrow luminous border, and 
therefore does not seem to be the result of any optical decep» 
tion. The light seemed to decrease gradually between this Ix^ 
der ahd the boundary between the illuminated and obscure parts 
of her disc. Mr. Schroeter had observed before Dr. llersch^ 
“ that the light appears strongest at the outward limb, from 
whence it decreases gradually, and in a regular progression to* 
wards the interior edgebut he differs from the doctor with 
regard to the sudden diminution of this marginal light. ** With 
regard to the (^use of this appearance," says Dr. Herschel, 
“.I may venture to asmbe it to tlie atmosphere Atmosphcfre 
of Venus, which, like our own, is probably replete Venus, 
^.th matt^ that reflects and refracts light ebpiously in all 
directions. Therefore, on the bordenVhera we have an ob- 
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fique view of it, there will, of consequence, be^ an increase of 
this luminous appearance.” Dr. Ilerschel considers the real 
surface of Venus to be less luminous than her atmosphere, and 
this accounts for the small number of spots which appear upon 
her disc. " For this planet,” says he, “ having a dense at¬ 
mosphere, its real surface will commonly be enveloped by it, 
so as not to present us with any variety of appearances. This 
also points out the reason why the spots, when any such there 
are, appear generally of a darker colour than the rest of the 
body.” The observations of this astronomer did not enable 
him to<asccrtain the diurnal rotation of Venus', or the position of 
her axis; but he is of opinion, that it can hardly bo so slow as 
24 days, the period assigned by Bianchini. 

The atmosphere of Venus a})pears to be very dense, not 
merely from the changes which take pface in her dark spots, but 
as Schroeter inferred, from the illumination of her cusps when 
she is near her inferior conjunction, where the enlightened ends 
of tlie horns reach far beyond a semicircle. 

JMr. Schroeter seems to have been very successful in his ob¬ 
servations upon Venus; but the results which he has obtained 
are more different than could have Ijccn wished from the ob¬ 
servations of Dr. Herschel. He discovered several mountains 
in this planet, and found, that like those of the Moon, tliey 
wtare always highest in the southern hemisphere, their perpen¬ 
dicular heights being nearly as the diameters of their respective 
Plate'll, planets. From the lltli Detjpmber 1789, to the 
11th of January 1790, the southern horn b of Ve¬ 
nus appeared much blunted, with an enlightened mountain m, 
in Uie dark hemisphere, about 18300 toises, or nearly 22 miles 

Hdi^tofthe Schroeter measured the altitude of 'four 

nuumtoiiu in mountains in Venus, and obtained the following rc- 
suits:— 


llifljieBl. 

SdHi^t, 


Toisei.» Miles. 
18900 22<05 

157110 18.07 


Toises. Miles. 
3d Highest, 9500 11.44 

4th Highest, 9000 10.84 


In order to determine the daily period of the planet, Mr. 
Schroettf observed the different sjiapes of the two hewns qf 
Venus. Their appearanoe generally varied in a few hours, and 
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became nearlj; the same at the corresiKmcling time of the sub¬ 
sequent day, or rather about half an hour sdoner 
every day. Hence he concluded, that the period ’‘ried ofV«* « 
must be About S3f hours 4 tllat hen equator is con- 
siderably inclined to the ecliptic, and the pole at a consideraUe 
distance from the point of the horn. On the SOthof December 
1791, at 8 o'clock in the morning^ the southern horn appeared 
with the same bluntncss, and with the same enlightened moun^ 
tain in the dark hemisphere, that it had done on the 28th De¬ 
cember 1789, ait 5 o'clock in the morning. Hence he found, 
that the period of Venus's daily motion about her axis, must 
be 23^ 20' 59", only about one minute less than that which is 
given by Cassini. This alternate bluntness»and sliarpness in 
the horns of Venus, Schroeter supposes to arise from Hate ll. 
the shadow of a high mountain. The appearance ®* 

of Venus, with her rugged edge and blunt horn, is represented 
in Fig. 4, 5. » 

The luminous margin which we have already men- i .„ m.nn iiB 
tinned, induced Mr. Schroeter to believe, that this margin of 
planet had an atmosphere of a considerable extent. 

At the interior edge the light becomes dim, till it loses itself in 
a faint bluish grey, forming a ragged margin (as in Fig. 4, 5), 
which it is difficult to perceive even with the best telescopes. 
This diminution of light is much more sensible about the middle 
d, than at the cusps a, b. 

On the 9th of September 1790, he observed, that the south. ‘ 
ern cusp of Venus disappeared, and was bent like a hook, aboi|t 
8" beyond the luminous semicircle, into the dark hemisphere. 
The northern cusp had the same tapering-termination, but did 
net enoKiach upon the dark part of the disc. A streak, how- 
cv or, of the glimmering bluisli light proceeded about 8" along 
the dark limb, from the point of the cusp from b toe (Fig. 4,5), 
b being the extremity of the diameter a b, and consequently the 


natural termination of the cusp. The streak b c, verging to a 
pale grey, was faint when compared with the light of the cusp 
at b. This phenomenon Mr. Schroeter conriders as the twi¬ 
light, or crepuscular light of Venus. That it is a real 
"twlight," says he, “ will appear fronS the*'relative appearances 
of thf cusps. On the 9th and 12th March 1790, 
wl^n the southern cusp extended in a hooked di-^siid twilight 
reqtion, into the dark hemisphere, the pale blue light ^ 
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ajppcwnai} <^7 ^ nortlieru cusp, and proceeded 

ui a ^erical curve into the dark part. On the l6th ai March, 
when the southern cusp did not proceed so far, the pale streak 
was perceived at both points, but itior| sensiUy at the \^orthern. 
The bright prolongation of the southern cusp on the lOth and 
12th of March, must be ascribed to.the solar light on a ridge 
of mountains, whence it could not be strictly spherical. When 
the bright prolongition was not considerable, twilight had its 
due effect, and the true spherical arc of the dark limb appeared 
faintly illuminated.'" From these observalions,. Mr. Schroetii 
has calculated tliat the dens^^part of Venus's atmospliere is 
about 16.020 feet high; and he concludes, that it must inse far 
above the highest mountains, that it is more opaque than that 
of the Moon, and that its density is a sufficient reason why we 
do not discover, in the surface of Venus, those superficial shades 
and varieties of appearance, which are to be seen on the otliei 
p}anets. 


Venus larger planet Venus lus generally bten considered 

than the as about 220 milc'* less in diameter than the EcUih , 
but it appeals fioni the nieasuieinont' of J)r llcr- 
schel, that when reduced to the mean distance of the Earth, 
her apparent mean diameter is 18".79, that of the Earth being 
17".2, that Is, 8648 English miles, that of the Earth being 
7912. This result is rather surprising, but the ol)ser\ations 
have the appearance of accuracy. 

Method of explanation of the different phtises of Venus 

fintUngher has been already given m Vol. I. We shall therc- 
fore conclude this section with pointing out the me¬ 
thod of finding the proportion between the illuminated and 
obscure port of her disc at any given time. The fpllowmg 
table, calculated for this purpose by Mr. Bode of Berlin (See 
^Pables de Berime vol. iii, p. 257), answers for findmg the 
phases of thi Moon, as well as those of Venus. 
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Tal>le.~~-To ,find the efUi^fdened Part ^ the Diameter or ^ 

Venus, supposing the Diameter* to be divided into IS ofoal Ptedt* 
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The ar^gument of the prececUng table, when aj^lied to Ve. 

H (be angle fcarmed at het* okitre, by two lines drawn from 
Venus to the Sun and to the Earth. In order to 
of tte Tatio. Ijjjg angle, suppcne that another line is drawn 

joining th£ Earth and Sun. Then add the angle formed at 
th^ Sun, or the anomaly of commutation, to the di^ercncc be* 
tween the geocentric lon^tudea of the Sun and Venus, and 
this sum being subtracted from six ngns, or 180 degrees, wilt 
leave the angle formed at Venus. 

Let it be required, for example, to find the pro¬ 
portion lictween the enlightened and the dark por¬ 
tion of Venus’s disc, on the 2d of August 1809. The Sun’s 
longitude being then, 4* 9° 41'; the heliocentric longitude of 
Venus 11* 23° 49'; and her geocentric longitude 2* 24° 2', as 
found from the nautical almanack. Then, as the anomaly of 
commutation is equal to the difference between the heliocentric 
longitude of the planet and the longitude of the Earth, as seen, 
from the Sun, we have 


lExample. 


Ilelioc. long, of Venus, ... 

Long, of Larth, subtract 

Angle at the Sun, or anomal/ bf commutation, 

Long, of Sun, -- --— 

Geoe. long, of Venus, subtract ■■■ -....-. 

Difference between geoc. long, of the Sun and Venus,.. 
Angle at the Sun, add ■„ 


Sum subtract, 
From SIX signs, 


Argument, 


11* 

2.3" 

49' 

10‘ 

0" 

41' 

1* 

14" 

"s' 

4» 

9" 

41' 

2» 

24" 

2' 

1» 

15" 

39' 

1» 

14" 

ii" 

2» 

29" 


6* 

0" 

O' 

3* 

0" 

13' 


or 90" 13' 

a. 


With this argument enter the table, and you wUl find 6.000 
answering to 90, and the proportional parts for 13', found by 
the rule of proportion, will be .023, which, subtracted fromr 
.6.000, as the numbers in the table arc decreasing, leaves 5 97T 
for the diameter of the enlightened part of Venus. Her whole 
diameter being 12.000, the diameter of the dark port of her 
du|a will be 6.028 ; so that she is nearly a half Moon, ^nd not 
fyft from hef greatest elongation from the> Sun. 

The Venus may be often seen in the day-time with the 
naked ef eand by meiw^ of a telceK 3 >pe, furnished with a screen 
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for interoeptiiig the dire^ rays of the Sun, die may be observed 
whesi she is very near the Sun, both at the superior end 
rior conjunctions. * 

Mr. Dick of Perth has been particularly successful m seeing 
Venus under these circumstances. He observed her on the 16th 
October 1819, when she was only 6 da^s and 19 heners past 
her superior conjunction. At that time' her distance from the 
Sun’s eastern limb was only 1® 28' 42". Hence Mr. Dick con¬ 
cludes, 1#^, That Venus may be distinctly seen at the moment 
of her superior conjunction with the Sun, with a moderate mag¬ 
nifying power, Vheii her geocentric latitude exceeds 1“ 44' 47" ; 
and, 2dj[^, That during the space of 583 days, in all 19 mdbths, 
the time of her revolving from one conjunction of the Sun 
to a like conjunction again, when the latitude, at the time of 
her superior conjunction exceeds 1® 44' 47", she may he seen by 
means of an equatorial telescope every clear day without inter¬ 
ruption, except at the moment of hoi' hiferior conjunction, and 
four days before and c^ter iL See the Edinburgh Phihsophiced 
Journal, vol. lii, p. 191. 


Mars. 

The planet Mais is remarkable for the redness of its light y 
the brightness of its polar re^ons and the variety of spots 
which appear mwn its surface. The atmosphere of^CauseofAe 
this planet, which astronomers have long considered red colour of 
as of an extraordinary size and density, is the cause 
of the remarkable redness of its light. When a beam of white 
light passes through any medium, its colour inclines to red, in 
proporHbn to the density of the medium, and tlic space through 
which it has travelled. The momentum of the red, or least 
refrangible rays, being greater than that of the violet or, most 
refrangible rays, the former will make tlieir way through the 
resisting medium, while tlie latter are either reflected or ab-> 
sorbed. The colour of the beam, therefore, when it reaches 
the eye, must partake of the colour of the least refrangible rays, 
and ^is colour must increase with the 'number of the vieflet 
rkys that have been obstructed. Hence we see that the morn¬ 
ing and evening clouds are beautifully tinged with red; that 
the Sun*, Moon, and stars, aj^iearof the same colour when near 
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ibe horizon; and thate very luminous objoct seen throng a dry 
mist is of a ruddy hue. Now, thO|dit^t Man is allowed to have 
an atmosphere of gr^at density aqd extent, as is manifest from 
the dim appearance of the fixed stars, that are placed even at a 
distance from his disc.^ The dim light, therefore, by which 
Mars is illuminated, having to pass twice through his atmo¬ 
sphere before it reaches the Earth, must be deprived of a great 
proportion of its violet rays, and consequently we colour of the 
resulting light by which Mars ia visible must be red. As there 
is a considerable difference of colour among the other planets, 
and likewise among the fixed stars, arc we not "entitled to con¬ 
clude, tliat those in which tlie red colour predominates, are sur¬ 
rounded with tile greatest, or densest atmospheres ? According 
to tliis principle, the atniosplierc of Saturn must be the next to 
that of Mars in density or extent. 

After Galileo had discovered the ])hases of Mars, which are 
mentioned in Chap. II, p. Vol. i. Dr. Hook and ('assini 

discovered upon the disc of this planet a number of dark spots. 
Dr. Hook perceived .some trifling changes in their portion, Inil 
Cassini had the merit of determining from these clianges, tliat 
the diurnal rc\olution of the planet was performed in hours 
40 minutes. 

The luminous zone at the southern pole of Mars, which had 
been often noticed by astronomers, wa. pai-ticularly observed by 
^ ^ ^ Maraldi. During six months’ obseiw ations, he found 
nous zone"«t subject to many changes. Sometimes it appeared 
bright, at other times faint, and after completely dis¬ 
appearing, it returned with its original brightness. 
When this spot was most luminous, the disc of Mai's did not 
appear exactly round, but the bright part of its southern liiuh 
terminated this spot appeared to project like a brigiit cap, 
whose exterior arch was a portion of a larger extent than the 
rest of die planet’s limb. This appearance resembled exactly 
the new Moon, when the dark part of her disc is enlightened by 
the Earth, and is evidently an optical deception, ariring from 
the same cause. See Chap V. 

* Cunni uliierved, tliat a star in Aquarius, at the distance of six minutes from 
the disc of Mars, became so &int before its dccultatioh, that it cquld not be seen ey n 
. with a duee-foot tdescope. The same phenomenon was obserred by Roemer at 
TaiM. Dt. Hsndid rrasiden the attaid^ere of Mars as less than has bebn gene¬ 
ra]]^ anagined, hot he still ihgaids^ itwi danse and extensive. 
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* In 1119, a fanroanA))e oppoi$timty ooctirr«d*^ ' 

the spots npon Mara. When he was within tWo (SegltefiSihf IlS' 
perihelion, he was in opposition to the Sun, and appelated atl^^ 
perior to Jupiter in brightness and magnitude. Maraldi dfcu 
^served him at that time through a ref)*actiing 94 feet 

long, and saw the appearance which is repnesen^ in ‘Figs. 1 
and 2. A long belt extending half Way round his 
disc, was joined by a shorter belt, formiag with it an Sup. 
obtuse angle. By the motion of this angular point, 

Maraldi found its daily period to be 2^ 40', the very same 
with that of Casrini. 

These luminous spots were observed'from 1177 ^ 
to 1783 by Dr. Herschel, who, by ascertaining the ichd’s obser- 
changes in their position, has determined the incli-« 
nation of the axis, and the place of the nodes of 
Mars. The polar spots are represented at a in Figures 3, 4, 

5, 6, 7, 8, 9, 10,11, where a is the south polar spot, and b die 
north polar one. In Fig^ 4^ the south polar spot has a very 
singular appearance, similar to what was observed l^ Maraldi. 

In consequence of its great splendour, it seems to project be-> 
yond the disc of Mars, producing a break at c, increased by the 
gibbous appearance of die ji^anet. The south polar spot is re^ 
presented in Figures 5, 6, 7, 8, 9, 10, 11, which complete the 
whole equatorial circle of appearances in Mars, as they are olv 
served in immediate succession. These Figures are all con* 
nected together in one projection, in Fig. IS. ** The centre of 
the circle marked 17,” says Dr. Herschel, “ is placed ^ 
on the circumference of the inner cinde, by making • ‘ 
its distance from the’ centre of the ^nxcle marked 15, answer tu 
the interval of time between the two observatipne, properly cal- 
culatei^nd reduced to sydereal measure. The same has be^ * 
done with regard to the arcles marked 18, 19, 2Q, &c. And^ 
it will be found by placing any of these connected cirdes,^ a» 
to ha\e its contents in a similar situation with the jpgures in the 
single representation which bear die same nuknber, that thei^ |s 
*a ^uilici^t resemblance between them; but some ailowa^|Cai'* 
must undoubtedly be made for the unavoidable distorth^ oeu 
casioned by this kin^ of projectioti. (JR^. !7Vo»r. 1784, p. 941.) 
^^lom the similarity between Molp^d the Eaxthii ia <^tr 
diurnal motion, and in the ppritime cj^lfeeir equator, Hr. Her- 
schel iimigin^ th%t the bright spbta at tbe pedes tbit pW* 

VOL. II. 
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net are produced by the reflection of the Sun’s light from its 
frozen regions, and that the melting of masses of polar ice is the 
cause of the variation in the magnitude of the spots. Hence, 
in 1781, when the Antarctic glaciers had not felt for twelve 
months the tjjawing influence of the Sun, the soiitli polar s})<)l 
was extremely 'large, and in 1783, it ha(| suffered a considerable 
diminution from an exposure of 8 months to the solar rays. 

As the diurnal rotation of Mars has been accurately estab¬ 
lished by the motion of its spots, it was niitural to expect, that in 
conformity to the laws of gravity, it should exhibit a .spheroidal 
form. Owing to the gihlx)us appearance of this planet, tlii*re 
is some diffieulty in taking accurate measures of his e(jii{it()njd 
and polar diameters. Dr. Ilersehel, howev’cr, has siicceetled in 
the attempt, and found that the figure of Mars was an oblate 
spheroid, whose equatorial tiianieter is to the polar •iis 1355 to 
1272, t>r nearly as 16 to 15. Dr. Ilersehel also found, that the 
inclination of Mars’ axis to the ecliptic is 59^ 42'; that the node 
of the axis is in 17“ 47' of Pi "sees; that the obliquity <»•* the 
ecliptic on the globe of Mars, is 28° 42'; that th<‘ jx ml Ai «t - 
on the ecliptic of Mars, answers to oiir 19 28' of Sayltjiiius; 
that the ecjiiatorial diameter of Mars reduced to tlie mean dis¬ 
tance Ilf the Earth, is 9" 8'", and lliat the time of his diurnal 
rotation i*'21^* 39'. The remarkable flatttiling at the poles of 
IVIars probably arises from a eonsiderabl'* varialion in the tleusiiy 
of his different parts. La Place has eonqmted the density of 
this planet to be about ] of that of the Earth. 

Prom the eircunistance of Mars’s having no satellite, and 
appearing to require light in th*e Sun's ahscnce, M. Poiileiulle 
has imagined that this planet is phosjihorescenl, and gives out, 
during night, the light which it has imbibed in the day. 


Jupiter. 

. The planet Jupiter revolves round his’axis in 9 

hours 55 minutes and 37 seconds. His fomn, like 
that of the Earth and Mars, is an oblate spheroid, the equato¬ 
rial being to the polar diameter as 14 to 13- This result was 
obtained from the accurate observations of Dr. Hersehel, and 
is a remarkable coincidence between theory and observation, 
that from the influence of the equatorial parts of Jupiter u]k)u 



nr. III> our TtfE SEW 1>T8C0VERTES IS JFHTE*. ^ 

the motion of the nodes of fiis'.satellites, Lli Place bai found 
the proportion between his cquatorial’and polar*diemeters to bn 
as 10000000 to 9286992, a result wliich differs only a very 
little froui the ratio of 14 to 13. 


When we look at Jupiter throup^h a good telc.scope, Jupiter’s 
%ve pcrcchc several belts or bauds extending across belts, 
bis disc, in lines parallel to his equator. These apjiearances 
were first observed by two Jesuits, Zappi and Barioli. They 
svere afterwards examined in 1633, b> Pontana, Rheita. Riecioli, 
(Irimaldi, and (Hampnni, the last of whom, on tlic 1st of July 
1664, perceived four dark. iK'lts, and two white ones. Tiicse 
belts are variable both in ininibcr, (list nice, and position. Some¬ 
times 7 or 8 belts liaAc been obssr\ ed, and on the 28th May 
1780, Dr. llersehel perccl\ed the whole disc of Jupiter covered 
with small curAcd belth, or rather lines, that were not continuous 
acro'*s his disc, 'fliis appearance of the planet is liepreseiited 
in Plate III, Fig. 13, Ik The parallel belts, liow- 
e^el•, are most (ommon, and in clear weather may j’jg, 14 . 
be si'i'ii a good aelironiatie telesciqie, with a niag- 
infMiig power of 40. The apjiearance which they exhibit in 
Dr II <*i schelV telescopes, is represented iu 
15 and 16. Sometimes they are interrupted 
length, as in Fig. 15. At other times they seem to increase 
and dinimislr*alterri,"JkiTrio run into one another, or to separate 
into otliers of a smaller size. Bright and dark spots Mquently 
ajqicar in the belts, as represented in Fig. 16. Somi* of these 
ri'vobe with greater rapidity than others, from which it appears, 
that they are not permanent spots upon tlie planet itself. 

N^'Ikmi Jupiter was in his perihelion in 1785 and 1786, M* 
Schnitier oliscrved his belts with a four-foot Newtonian teles- 


Fmures 

. . Via. 15, IC. 

in their 


fo|)c, ihagnif V ing 150 tinie«. He perceived upon his disc, severftl - 
new .‘•jKJts, which were bWk and round. In 1787, he saw two 
dark bells in the middle df Jujiiter’s disc, and near to them, ’ 
two white and lununous belts, resembling those which were* 


. obsoj'ved by (’anipaiii The equatorial zone,' which was oom- 
• prPlieiided between tile two dark belts, had assumed a dafk 
grey colour, bordering upon yellow. The northern dark bell 
v^yn received a sudden iiieceaae of size, while the soutliem one 
l^ame partly extinguished, and afterWai^s increased into an 
uninteirpptcd belt. The luminous belts*also su%rfed several 
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chan^a, growing sometimes narrov^r, and sometimes one half 
lai^r than their ori^nal Mze. 

The appearance of J-upiter, as seen by Schroi'ter S,t the time 
of its occultatioii by the Moon, on tlic 7th April 1792, is ro- 
Plate V. presented in Plate V, Pig. 5. The equatorial belt 

Fig. 6, from a to d was very distinct, consisting of lw(» 

zones al), c d, of a brownish grey colour, separated 
by a more luminous interval b t. Two well defined stripes, 
wliich Sehroeter had noticed for two \ears, ajipeared at cand /j 
and now crossed the whole disc. The ]iolar regions at ^ and h 
apjieared more dim and grey than the bright part of the ]il.inet- 
The most remarkable phenomena, liow'e\er, wTre two nebiilou'' 
undefined spots / and A, perceptibly d.irker than the jnin- 
cipal belt d d; and a still more rcmai*kablt' spot 1, eireular and 
imperfectly defined, and somcwli.it biighter llian the limiiiioiis 
space h c cb. A similar sjiot wa^ obset\e<l in 178() and 1187 
in the same part of the planet. At 10‘* 40' 50", tlie sjxjt i was 
about the middle of its parallel. Pig. 5, A’o. ‘i, shews the ‘pots 
and belts when Jupiter was emerging from behind ih** Moon, 
o p being the outward limb of the Moon, and m ii thebouudai v 
between light and darkness. 

D’ffcrent opinions.have been entcrmined b\ asiroiioiiais 
resjiccting the cause of the belts and spots of* Jiijiiter lly •■oine 
they have been regarded as clouds, in s.*- opcniin-* lu tlie at¬ 
mospheric of the planet, w’hile others imagine that thev aie of a 
more permanent nature, and are the inaiks of great pli}s]C!'l 
revolutions, which are ])erpetually agitating and cliaiig'iig th(‘ 
surface of the planet. The first of these opinions suirn-iintb 
explains the variations in the form and mfyjnitude of the hilt-., 
but it by no means accounts for the permanence of some of tliL 
spots, and the parallelism of the belts of Jupiter. I'lie 
first observed by Cassini, whifeh reappeared eight times In'twctii 
the years 1665 and 1708, could not ^ssibly be occasioned By 
any atmospherical variations; and ifs disap[)carance for fi\e 
l^ears, between 1708 and 1713, is a presumptive, though not a 
decisive ai'gunient, that it arose from some clianges in the boily 
of the planet. We are, however, ratlier di.sposed: to think, that 
I from the frequent afipearance of tliis spot, it is jiermanent iij»o»' 
*the btidy of Jupiter, and that its disappeai*ance is owing to tl e 
interposition of clouds in the atmosphere of the planet.' if it 
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were die effect of an earthquake or inundation, and if it wei:« 
the mark of a new island or continent, as lias.beenr conjectured^ * 
upon what principle can we account for its reappearance ia 
1713, in precisely the same form and position? May we not* 
then suppose, that the clouds of Jupiter, partaking of the great 
velocity of his diurnal motion, are formed into strata parallel 
IV ith the equator; that the body of Jupiter reflect a less light 
than the clouds, and that the belts arc nothing more than the 
body of the planet seen through the parallel interstices which lie 
between the different strata of ^clouds. The permanent spot 
seen by Cassini will of course only be seen when it is 'imme¬ 
diately below one of these interstices, and will therefore always 
apjiear as if it accompanied one of the belts.^ • 

The I’our satellites of Jupitcr, of which a short 
account has been already given in Vol. I, may in litos Jupi- 
geueral be seen vith a telescope which magnifies 30 
times. The thiid and fourth,' indeed, have been sometimes 
sein with tlu naked eye {Phil. Mag. xxv, p. 175), but it is 
oiil\ when the air is uncommonly pure that we can expect to 
be indulged with such a sight. These small bodies h«i\c been 
ol»sei\cd by astronomers with great assiduity during the last 
ceiilur}, and the tables of their motions have been brouglit to 
.a degree of perfection which the most sanguine expectations of 
.istj'oiiome rs wuld nci'T-Jiave anticipated. 'The tables of War- 
gentin for finding the eclipses of tliesc bodies, and tlic more 
1 eceiit and accurate ones of Dc Lambre, founded on La Place’s 
theory of their mutual attractions, ha\e been of essential use 
• o gtogniphers, in enabling them to determine with accuracy 
the longitude of places upon the surface of the Earth. To 
astronomers tlie system of Jupiter and his satellites is equally 
j^ji/TT-ling. Though a century and a half has scarcely elapsed 
hime their discovery, yet, from the extreme shortness of their 
rt‘\olutions, tlicy present to us great and interesting changes, 
which are not effected in the course of many centuries in*the 
pl.uu'tary system. 

The following table contains a full view of the elements of 
the satellites of Jupiter, as deduced from the theory of La 
place, and from the most recent observations of modem astro- 
>mmers. 

This spot liHS always been seen in connexion with the great southem beh of 
Jupitet. The belt indeed has been observed without the spot, but this was pro¬ 
bably jwiog to a viuiatiQU ia the distance of the belt ftoni the c^u|,tor of JupUes* 
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lu looking at the satellites of Jupiter through a common 
telescope, they appear to be of different magnitudes, but their ^ 
diameters arc so extremely small, that it is difficult to obtain 
an accurate measure of them by the application of the micro¬ 
meter. The eclipses of these bodies, however, furnish us with 
a method of estimating their magnitude ; for it is evident that 
the largest satellite will take longer time than the smaUo:* ones 
to enter into his shadow. In this way M. Bailly determined 
the diameters which are given in the preceding table (Sec M-yn* 
Acad. 1771, p. 590, 619, 623). The other measures which 
follow them in the same table were deduced by La Place 
from the masses of the satellites, and may be considered os 
very accurate (See Mlcanique. Celeste, tom. iv, p. 171,172). 
By comparing the shadows of the satellites when seen upon 
the disc of Jupiter, Wargentin found that the third and fourth 
VMii' liAe or si\ times larger than the first, and the first twice as 
giv.it as the second. According to Dr. Herschel, the third satellite 
ol'Jujiiter is coii'iiderably larger than the rest; the first is a 
little 1.11 gcr than the second, and nearly the size of the fourth; 
.iiul I lie '-econd is a little smallir ihan the first and fourth, or 
the smallest of the four. Ileiicc the doctor c.^presses their rc- 

l.itne iirngnitudes thus, 3..^..2. {Philosophical Transac- 

1797, Part IL pJ3Sl). 

When the brilliancy of the satellites of Jupiter is examined 
.'it difiereut times, it apjiears to undergo a considerable change. 
By comp.iring the mutual positions of the satellites with tjie 
• lilies vhen they ac*quire their maximum of light. Dr. Herschel 
com hided that, like our Moon, they all turned round their 
.IMS in the some time that they performed their revolution 
lo/.Ki* Jupiter. Maraldi had formerly deduced the same rc- 
"sult lor die fourtli satellitd, by observing the period ®f its* 
vjuialions. ■ . * 

From’the theory of the reciprocal attractions of 
the three first satellites. La Place has discovered discovered by 
two very remarkable theorems concerning their mo- 
tioiis. He found, that the mean motion qf the first sateh 
Ihe added to iu>ke the mean mhtion of the third saieO^y is 
y^noiish/ equal to thrice the mean motion of the second so- 
i that is, making m the mean utotion of the first, m* that 
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of the second, and m" that of the tlurd, we have by the theo. 
*rem, 

»w+2to''=S»i', or 
m Sjw"—- 3Si'=0. 

By taking the mean motion of the satellites for 100 Julian 
years, as determined by Dc Lambre, La Place/ound that 
* only 9 seconds, 

a coincidcnec between theory and observation which is truly 
astonisliing. 

Tlie second theorem deduced by La Place is equally cu¬ 
rious, though, from particular causes, it does not accord so 
well with observation. He found, that the epoch o/* the Jint 
saieUite, minus three times that of the second, plus txco times 
that of the third, is exactly equal to a semitirile, or 180 de¬ 
grees ; that is, making IV I" the mean longitudes or ej)ochs of 
the satellites, we have 

3/-f-2/"=rI80, by theory. 

By taking the real epochs of the three satellites for the mid¬ 
night, beginning die 1st January 1750, as determined by l)e 
Lambre, we obtain 

3/'4-2/"=180» 1' 3".G. 

This residt differs only 63 seconds from the thiwy; but the 
cause of this difference is very satisfactorily explained by La 
Place in the Mtcanique CUeste, tom.*k’y.p. 135, 

From the last of these theorems it follows, that the three 
first satellites of Jupiter can never be eclipsed at the same 
lime. For if this were possible, the longitude of three satellites 
would be equal at 4he time of dieir eclipse, that is, l-=zl'sX\ 
consequently, 

S/'+2/"=0, 

which is impossible. When the second and third satellites . ^ 
eclipsed at the same time, their loh^tudes wiU be equal; that 
is, ; consequently, in this sase, the theorem becomes 
4.\ /-l'=180; 

that is^ l^e difference of the longitudes of the first and second 
is 18(P| but the second being in opposition to Jupiter at the 
time of its eclipse, the first satellite must be distant from it 
180°; consequently, when the second and thsrd satellites of 
Jupiter cure simultaneously eclipsed, the first is always in edr^ ' 
Junction with Jupiter. On the contrary, it is obviou^, <^at 
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when the Sim is mmuUcmeousJy ecKpsed by ^ emd 

ririHD satellites, that is, when ih^pass at the same time across 
his disc, the first satellite is in opposition to thephnet. 

By following out this principle, wc shall find, that when the 
FIRST and THIRD sfitellites arc sinliiftaneQu.sly eclipsed, the di/^ 
J'cnnci hetwitn either of their longitudes and that of the second 
IS 60 , lor in tins case l—t', and the equation becomes 

~3/'+.sr=180“, or 
• — /'+ 1 '=. OO". 

In like manner, we shall find, that zehen the first and second 
an simultancohsly tdipsed, the differeme het’b.ccn lither of their 
hmgitudis ami that of the rump is 90", or the third is ijn 
(juadfuturc wi*h Jupiter. For*in this case ^=/',‘and hence 

—ii/'+efelSO”, and 
— /'+ V'z=. i)Q\ 

It is ob\l«)Us iioin these interesting results, that a wonderful 
piovision is made in the s\stem of Jupiter, to secure to that 
pl.inet tlie benefit of his satellites. When Jupiter is depri\cd, 
at the same instant, of the light of the first and second satel¬ 
lites, or of the first and third, the remaining one of the three 
liist cannot ])ossibly be eclipsed at the same time, but is in 
such a ]K)int of its oibit as to give considerable hght to the 
])lanet. The simidtaneoua eclipse of the second and third sa¬ 
tellites ,forms an exe»’p*h)n to this remark; for, at the same 
instant, the first satellite has its dark side turned to the planet. 
Even in this case, however, the first satellite, when emerging 
from the Sun’s beams, is gradually turning more and more of 
its luminous liemisphere to Jupiter, to supply the loss of light 
arising from tlie want of the other two satellites. 

We shall now conclude this account of Jupiter’s satellites, 
wjitii -giving the results obtained by La Place, from a compari- 
” son of his foraiula; with observation. 

lie found diat the orbit of the first satellite moves upon a 
fiKtd plane, which passes constantly between the equator and 
the orbit of Jupiter, by the mutual intersection of these two 
last planes, whose respective inclination is 3° 5' 30", according 
to observation. 'The inclination "bf this fixed plane upon the 
„ equator of Jupiter is only 6j seconds by the theory.* The 
Jiifcliiiation of the orbit of the satellite to its fixed plane is 
iWaUy small; so that we may conceive the first satellite as in 
nn^on u}X)n a plane passing through tlie equator of Jiqiiter. 
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into thft meitijig' Yesael. 1 eonM suffici^ 
msoili fer.tite viktAe of ikia^procesv; biit it wili be 
enough to state, the metal will always ptore good 
when lo managed. k ^ 

ftTfae'tin wOl mostljt^ found in too smaB a quan* 
tity in the abore proportions; but as different sorts of 
copper require different proportions of tin, the proper 
quantity can only be known by making a trial, which 
IS most conveniently done in the second melting, by 
taking a small quantity out of the melting vessel 
w£di an iron ladle, having an upright handle: iialf 
an ounce will be quite sufficient ; when cold, grind 
it upon a plate of metal with a little fine emery, to 
discover whether it breaks up too much to bear grind¬ 
ing'; afterwards break it, to judge of its strength 
and coknir, which may be done in a few minutes: 
more tin may be added, if required, a little at a time, 
until it is brought to a proper state for working. By 
working, 1 mean grinding and polishing. *' 

** Nothing that I have yet mentioned deserves the 
name of difficult, compared to the last operation of 
grinding and polishing; particularly in the working 
metals, such as the little metals fox a New- 

f 

tonkin telescope. 

I have known one of the most eXperiended work¬ 
men bestow the labour of three wAks upon one ef 
4ieBe^, and^ after all, he owned to me it was not dat; 
this metal was not more than two inches in its trans¬ 
verse diameter. But to obtain any thing perfectly 
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flat, or gtraiglit, >or tquare, or round, or 

other is not ulthin the reooh >of Homan 
Industry,^' - » . . 

The late indefatigable and ingenions EaH of Stan^ 
hope had a plan for constmdt^ a still more etlipen> 
dons Optkal Instrument than even the feet 
Telescope of Sir Wm. Herschel. Mr. VAifltEY in¬ 
forms us, in page 36 of No. 1, January 1820, of the 
London Journal of Arts and Sciences, that his 
Lordship’s vast design was no less than the construc¬ 
ts of a Telescope of 384 feet in LengUi, with Re¬ 
flectors 6 feet in Diameter. 

“ The observer may sit or stand in a warm room, 
and, without ever changing his position, observe 
more than one half of the horizon, the object appear*^ 
ing directly before him, however elevated it may be 
in the heavens; thus continuing in the easiest pos¬ 
ture and without ever being exposed to the open air. 
No other telescope affords these very desirable ad¬ 
vantages. 

In other telescopes, the smallness of the eye- 
glaiiaes is very objectionable where highly magni- 
lying powers are wanted; In compound eye-pieoes 
particularly, (which are by far the best,) it is next to 
impossible to obtain them small enough. In the 
Stanhope telescope, the greatest powers can be ob- 
thined with'glasB6B of not less than two inches fecus; 
wMch 4re of a’ size much loore manageable in every 

: !F 2 
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pears to lie more luminous tlian Saturn himself. Hcncc Dr. 
Herschel has concluded, that it is not any shining fluid, or 
aurora borealis, as soiiie have concluded, but a solid body, 
e<[ual in density to the planet. The Doctoi* is also of opinion, 
that the edge of the ring is nut flat, but of a spherical, or rather 
spheroidah form. 

In examining the plane of the ringA\ith a powerful teles¬ 
cope, he perceived near the extremity of its arms or se¬ 

veral lucid or ])rotubcrant points, Mhich seemed to adhere to 
the ring.* At lir^.t he imagined diem to be •satellites ; but lie 
aflerward.s found, upon cartful examination, that none of the 
satellites could exhibit such an appearance; and be tlierel’ore 
concluded, that tbe^t lucid points adheieil to the ring, and that 
the variation in their jKisitioii arose from a rotation of the ring 
' notation of round its axis, wliieh he found to he ])erfonned iu 
t'lc nng. 10*'152' 15"4. Tills result is \ery remarkable ; for 
, if wc conceive a satellite moxing round Saturn, and ha>iiig foi 
its orbit the mean cireumferenee of the ring, and if we ealeulatt, 
according to the second law ol’ Kepler, its sydercal re\oiutu)ii, 
we shall lind tliat the duration of its rcxtilulion is nearly etjutil 
to the rcxolution of the ring. According to Dr. llobisoii, the 
iuiior edge of Saturn's ring should revoh^c in 11*^ 16', and the 
outer edge in 17** Ky. Schroeter seems to doubt of the rota¬ 
tion of* the ring. 

The surface of the ring of Saturn does not seem to be exactly 
plane. One of the ansm sometimes disappears, and presents its 
(lark edge, while the other ansa continued to appear, and ex¬ 
hibited a part of its plane surface On the 9th Octoh(T 1714, 
llie ansie ap]x>ared twice as sliort as usual, and the eastern one 
much longer tlian the western ;• and on tlie 12th October, Sa¬ 
turn was seen with only its western ansa. On the lltli of rT*'- 
niiary 1774, M. Messier observed both th^ ansae completely 
detached from the planet, and the eastern one larger than the 

othev- In 1774, Dr. Herschel likewise observed Saturn with 

♦ 

a single ansa. From tliese observations, it is*natvirul to eon- 
elude, that there arc irregularities on the surface of the ring, 
and that the disapi)earanec of the ansae arises from a curvature 
iu its surface. 

* \t'licn the ring of Saturn was extremely oblique to the eye, JVf. Messery'j. 
Msrved upon it bcietaOuminouR prints, which were greater than ihe delicate h ic of 
light Uidt foimul Uic ansK of the ring. 
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These inequalities in the surface of the* ring are j Place’s 
coribidiTcd by La Place a** absolutely necessary for theory of the 
inaintaining the ring in equilibrium round Saturn ; 
and he has shewn, that if the ring were a regular btKly, similar 
in ah its parts, its cquilihriiini would Ik* disturbed by the 
sliglitesl force, such as the attraction ol* a comet or a satellite; 
and that it w'ould finally be precipitatc’d uj)on ilie surface ol the 
planU. Hence this celebrated philosojdicr h.is concluded, that 
the different rings''* with which Saturn is eiuircled, are irregular 
solids, of uncijjial breadth in diffeient ])arts of their circinn- 
teience, so that the cenircs of gra\ity do not coincide with thrir 
centres of figure; and that these centres of gra^ily mav be 
eonsidered as so many satellites circulaling round Satuin, at 
ilistaines depending on the inequality ol‘the jiirts of'eadi ring, 
■•ml with penods of rotation (>qual to those of their res])ecti\e 
lings lienee the ring will turn round its centre of gra\ily in 
tile same time that it re\ol\es iviniid Satuni. It is olnioiis, 
that the action of the Sun and the satellites of Saturn upon 
tluse lings, ought to pnahiee motions of javeession analogous 
to those of the Lartlfs equator; and that as the'>e motions 
ought to be different for each ring, tlie^ ought finally to inoxe 
in ddftrent planes. This residt, howe%cr, is contrary to obscr- 
A.iuon ; and, accordingly. La Place has djsco\ere{l, tliat the 
action of* the equator is the cause whicli retains all the lings in 
one jilane. It was from this phenomenon, of which tlie cause 
is now' ap])arcnt, that he ascertained llie rotation of the planet, 
heibre Dr. llerschel had dctei mined it by direct obser\ation- 
See MunmqHC CelcnU, tom. ii, p. f37f5, and Mem. Acad. 
Pin. IIST. 


Not content with e\])1aining the Miriou'- pheiiiv 
’’•'/.la-jiresented by the ring of Saturn, astrofioimrs about'Xior. 
have travelled beyond the iirecincts oftlieir science to oi the 

e\])Jain the manner in wliicli the ring was formed. 
Maiipertiiis, in liis J)hiO?f7S la Figure dm Asfrm, has 
iiiamtaiiied, that tliis liiniiiious ginllc was the tail of a comet, 
A\hich the attraction of Sa'inn had compelled to (ircalalc ai'ound 
him. Mairan asserted tliat llio di;imeter of tlie planet W'as ori¬ 
ginally etjuul to the ditimeter of its outer ring; and, that by 


*' jNIr. Short assures us, t]i<it with aii i\relleat trlescopo, he ohicrvcd the suiface of 
tlic divided by sevcial daik coi'ccntiie lines, wliieh seem tu indicate a number of 
nngs Sroportional to the number of dark lines which he perceived. 
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some unknown cause, the exterior shell of Saturn was hrokon to 
pieces wliich were attracted by his body: Btit the equatorial 
parts of the exterior shell remained entire, and thus foniu d a 
ring about the planet Buffon imagines that the ring is n part 
of the equator which has been detached by the excess ol* cen¬ 
trifugal force. Without s]x*iuling time in the discussion of tin so 
hy)wtheses, it may be sufficient to observe, that we may tis vill 
i^tt^mpt to account for the formation of tin. satellites as of the 
ring of Saturn; that none of tlicm sct‘m to have been tlie (/Ice! 
of any accidental cause; and that the most rational solution ol 
the difficulty is to supjiose, that when Saturn was created and 
launched into the heavens, he w^as at the same instant enur- 
eled with a luminous rmo, to answer some nnjKirtant ]iurj)osc. 
W'hieh astrononieis have not \cl had the sa^aeitv to tliseovti. 

The disappcaivuue aiul rea]ipcaranco ol‘ Satuiifs ling haviiii*; 
been alieaclv explained in Vol. I, 201, we shall eoneliuio this 
interesting subject, by jiointing out the method of deteiiinimii* 
the phases of Saturn’s ring for any given limt. The T.ihh 
which is cniplojecl for tins puipose, selves also to find the ionu 
of the mbits ol‘ the /‘our first satellites of’ Saturn, as stui fioin 
the llarth. ('see TtiUcs de liuhn, toni. in, p. loT.) 

Tabic Jor find'.h^ ihc appurint Fig^tn of the Jlhig and lh< 
Ot hits of ihc fine}* ScdcUttc s* cf Sett urn. 
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In order to find the figure of Saturn’s ring, add tTseofthe 
13° 43' 30" to the geocentric longitude of Saturn, Table, 
and witli tins as an argument, enter the table wltli the signs at 
tile head or foot, and the degrees at the side ; and the correspond¬ 
ing numbers in the table will express the smaller axis of tlie 
ring, the greater axis Ix^ing 1000. This result, however, re¬ 
quires a correction, which depends u])on the lalitiule of Sa¬ 
turn. lleducc his latitude, therefore, to minutes, and the fourth 
part of Jiis latitude, thus rediu’ed, being j.ppiied ilie ]>reeeo- 
ing result Avitli the sign — if his lalitucle be north, but with thti 
sign + ii'his latitude be south, will gi\e i1k‘ true apparent siitc 
of the lesser axis of the ring. 

Ia'I it be required, for examjtle, to fir.fl the fonn of J^atnnfr- 
ring Oil the i25th December 1800, when fl'.e got eutrie losigituile 
oi’ Soturn is 9° ~8', and Ills geoeeutrie tali'.iule 1’ 37'. or J)T' 
iiortii. 


'i'll t'li* ^t'oemnic longituilc oi' SatHm, __ 

-'nil! ilic constant (|iiiintiiy, __ 


__ 8‘ 2.;' 0" 

la 4a 




Arpinicnt, 

"Wliicli correspnnils in the table wiiii _ 

Al.’sl} one luurth of the latitude, or . 


{;■ 2:j" j I' ;h>' 


—0.{>J4 


'I'iie sniuller axis of the rin", „ 


■j- 0..>41 


I It nee the smaller axis of Satui'if.', ri’!i»- is-iAo its greater axis, at 
the given time, as 511 is to 1000, so that the ring vill be \er_v 
tjji 'H on the iiStli Deecuiber, and may be easily seen with a le- 
lesftipe. When the sign + is before the result, it indieale.i, 
that the most distant !iall’of llie ring is I'arther north than the 
ceulre oi’Saturn, and consetjuenliy, that we see the upjter or 
ut" i.lJern surface of the ring. The opposite sign —indicates, 
that the most ilisttnit half of the ring is more south than the 
centre of Saturn, and the soulliern side of the ring is* then 
visible. The result which is thustibtaiued, marks also the figure 
oi the orbit of the fotir first satellite-; of Saturn. 

AVhen we look with a good telescope at. the body j’igurcof 
t)f Saturn, he ajqiears, like most of the other ]»laucts, ■ 

to lx* of a s])hei’<jldal form, arising i'rom a rapid rotation about 
his axis. On llte 14lh Septenil)er 1789, T/r. liersciiel mea¬ 
sured Ifis diameter, and found that the e([i:uloriul diameter was 
.8, and the polar diameter .W'.G, which gives the proportion 
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of Dearlj 10 to 11. It appears, however, from niore recent 
. Observation)^ made bjr the same^astronomer, that the polar is to 
the equatorial diameter as 32 to 35, or as 11 to Ij^ nearly. Till 
the year 1805 !Dr. Herschcl had always regarded Saturn as an 
accurate spheitnd; but on the 12th April of that year, he was 
struck with a very singular appearance exhibited by the planet. 
The flattening at the poles did not seem to begin till a very 
high latitude; so diat the real figure of the planet resembled a 
square, or rather a parallclograAi, with the four corners rounded 
off deeply, but not so much as to bring- it to a spheroid. After 
examining Saturn with his teleiEE>pes, and comparing it with 
the form of Jupiter, Dr. Herschel concluded that fhis was thi* 
real form of the ring (See Phil, Trans. 1805.) This form of 
Plate TI. the planet is represented in Plate II, Figure 7. 
Suf, l^g. 7 . q’he following are the proportional dimensions of 
Saturn’s disc:— 


V 

Piameter of the^eatest 
Kquatonal diameter, 



Polar dumettr, 


na 

3A 

32 


I.atitude ot Uit longesit dumeter, 


43 > 20 


Spots and 
bdtb of 
Saturn. 


1 he surface^ of Saturn is diversified, like that of 
some of the other planets, with dark spots and belt"*. 
Hu\gens observed five bolts, which were nearly 


parallel to the equat^. Dr. Herschel has likewise observed 
se\cral belts, which in general are parallel with the ring. On 


the 11th ISovcmbcr 1793, immj^iately south of the shadow of 
tlie ring upon Saturn, he perceived a bright, uniform, and 
broad belt, and close to it a broad ahd darker belt, divided by 
^ two narrow white streaks; so that he saw five belts, three of 
which were daik, and two bright. The dark belt had a yel- 
s lowinh tinge. {P/i.l. Trans, 1794, p. 28:) These belts geneially 
cover larger zone of the disc of Satuni than the belts of Ju¬ 
piter occupy upon his surface. 


Spots snd 
totadon of' 
^urn. , 


' Dr. Herschel has likewise perceived dark spots 
u{x>n Salunn’s.disc; find, by |,hc changes in their 
potution, has determined the daily rotation the 


planet to be performed in lO** 16' 6";44, round an axis perpem 
diculor to the })lane of the ring. La Place had formerly found 


itom theory, that the interior ring ouglit to perform its i evo¬ 
lution m 10 hours. {Alem, Acad. 1787 ) The ring of Saturn, 
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therefore, revolves In tlie same time nearly as tlic planet, and 
round the same axis. 

It is well known, that the flatteninp^ at the poles 
<).’ the Earth, Jupiter, Mars, and Saturn, arises ^eat flatten- 
iVoni the cejitrifiifjal force of their equatorial parts.® Jy^tgpoi'g. 
(hi account of the ^reat diameter of Jupiter, and the 
rapidilN of his daily motion, his equatorial parts move with im- 
meiihe A eloeity ; and, therefore, in consequence of their great 
centritiigal force, this planet is more flattened at his poles than 
lillier the Karlh or Mars. It is remarkable, however, that 
Saturn should be more flattened at his poles than Jupiter, 
ih.ougli the velocity of the eejuatorial jiarts of the former is 
much less than that of the latter. When wc consider, however, 
til,It the lino of Saturn lies in the plane of his equator, and 
iln: It i.s ecjually, if not more dense than the jilanct, we shall 
llsul in> ddiu ulty in aeeounting lor the great accumulation of 
m.iu.'r at ihi equator of S.iluni. The ring nets more powerfully 
ii])on the equatorial ri aioiis of Saturn than upon any part of his 
il'i'H'; and by dimiiiiJiing the gravity ol* these parts, it aids the 
c'nit' il'ufjal I’orce in flattening tlic poles of the planet. Had 
Saturn, indeed, iieAcr revobed upon its axis, the action of the 
rino vould, of its(df, have been suilicient to gi\c him the form 
of an <jblate spheroid. 

The jilanet Saturn is surrounded with no fewer Satellites of 
than !‘e\en satellites, whieh sujiply him with light Saturn, 
•luiiiiii the absence of the Sun. The fourth of these satellites 
v.as Hrst Ji^eo^cred by Huygens, on the 25th March 1655. 
(.’as-.ini iliscovered the liflh in October 1671, the third on 23d 
Pi'cemher 1672, and the first and second in the month of March 
168 k 3'he sixth and seventh satellites, wiiich were discovered 
by Dr. Herschel in 1789, are nearer to Saturn than any ol‘ the 
1 . rest, though, to avoid confusion, they are named in the order 
of their discover^'. These satellites are all so small, and placed 
at such a distance from the Harth, that they cannot be seen unless 
with excellent telescopes. War^jfentin saw the five old satelliles 
• with an achromatic telescope of ten feet; and, on the 19th De¬ 
cember 1793, Dr. llcrschel saw them distinctly with a p«»wx*r of 
60 applied to his ten feet reflector. The sixth and seventh are 
*tli 5 smallest of the whole; the first and second arc tlie next 

* A Qiachiiie for illustrating this csperimentallf, is described in Ferguson’s Xee.. 
turcs, Vol. I, Lect. II, p. 55. 

VOL. H. 
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smallest; the third is greater than the first and second; and 
the fourth is tlie largest of*them all. The fifth satellite sur¬ 
passes all of them but the fourth in brightness, when it is at its 
western elongation from Saturn; but at other times it is ex¬ 
tremely small, and entirely disappears at its eastern elongation. 
This phenomenon, which was at first ohsci-ved by Cassini, 
appears to arise from one part of the satellite being less luiniiious 
^ ^ . than the rest. In consequence of the rotation of this 

*e light of satellite about its axis, this obscure part of its disc is 
Ae fifth satcl- turned towards the Earth when it is in the pail of its 
orbit east of Saturn; and the luminous part of its 
surface becomes visible while it enters into the western jiarl of 
its orbit. Dr. Ilcrschel observed this satellite through all the 
variations of its light; and concluded that. Hive our Moon, and 
the satellites of Jupiter, it turned round its axis in the same 
time that it performed its revolution round the primary jilanet. 
When he used his twenty feet telescope, he never lost sight of 
the satehite, even when its light was most faint. 

The first satellite of Saturn revolves at the distance of 4.893 
semidiameters of the planet, in i‘‘ 21*’ 18'2G"; the .sccoad at 
6.268 semidiameters of Saturn, in 2** IT** 44' 51"; the ihhilAi 
8.754 semidiameters of Saturn, in 4** 12** 25' 11" ; Xhi^Jburth at 
20.297 semidiameters of Saturn, in 15** 22*’ 41' 13" ; xYm fijlh 
at 59.154 semidiameters of Saturn, in 79** 7’’ 53' 48"; the siath 
at 3.080, in 23** 37' 23"; and the seventh at 3.952 semidiauictcrs 
of Saturn, in 1“ 53' 9". 

The following Table shews, at one view, the various particu¬ 
lars which are known respecting these satellites. 
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TabUi containing the Longitudes, Distances, ^c. the SaieUites of Saturn. 
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The pohkion of the satellites of Saturn, and the figure of 
their orbits, may be easily found fcii* any particular titne, by 
tables of their motions, ealculaied by Cas'iiii, and gi\eu in the 
'rubles de Berlin ; and from tab^s calcidalod by Dr. lleiNcbel, 
and published in the ./ 'J'luusuiliu ii, itir 

Their configLir.itlons m^'v nl-) he *’ imd b ' vrv simple in¬ 
strument called u Sulurnilabe, uhieh is de.n'iibed in L.i Dande't> 
Astronomy, vol. iii, p. 203. 

, . The theory of the satellites of this idanet is less 

La Place s , * , . * , 

tlieo/j of the perfect than that of the satellites of Jujiiler. '^i'he 

Mtellttcb of (lilfieultv of observin«i their ecliiises, and of nie.isu- 

S&btUTlU • ^ ^ 

ring their elongations from Saturn, ha\e prevented 
astronomers from determining with their usual I'lvtision tlie 
mean distances and the re\ohitions of sccondarv jilan- ts. 

In the jjosilion of their orbits, however, there is sonuthing 
very remarkable. While the orbits cd' the si\ inner satellites, 
that 1‘ the first, second, thii’d, fourth, sixth, and *e\c''t]i, all 
lie in the plane of Satunfs ring, the oibit of the (illh de^iates 
considerably from this plane. La IMace imagiius that the ac- 
cvinml.ition of matter at Saturn’s e(|uat(>rial |arls retains the 
orbiti of the six first satellites in tlic j/Iaiic of the eciu.ilor, 
in the same manner as it maintains the ring in that ])!iine. 
The action of the Sun, indeed, tends to draw them from the 
plane; but the effect of this actioir becomes .sensible onb on 
tbe orbit of the fifth or inner satellite, wbich sufficient 1\ ac¬ 
counts for the deviation of its jiath from the general jikme in 
which Saturn constrains the oilier satellites to nunc. The or- 
bi's (,(■ the satellites of Saturn nuAc, like those of the IMoon, 
and tbe tellites of .Jupiter, u])on fixed planes, which ])ass eoii- 
stanl]\ by tlie nodes of tlie eijuator and the orbit of Sa in-n, 
between the.^e two last plane.s. Tlitlr tirhlls preser\c tbilr iii- 
clinathm almost invariable, and their nodes lia\e a reliograde 
motion nea»ly uniform. See Micah'iqnc O'lcstc, tom. iv, p. 173. 
185. 
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At COTINT OF NEW DISCOVl llIE*., &C. EESPECTING THE BODY OF 
THE SUN, ANM) ITS MOTION IN FllEE SPACE. 

When m o look at llio Sun w'l'.li a tflcscopc of moderate mag- 

nif]) ip'i poAMT, furiilslied with a ])ktc of hl.iek <>Iass, to intercept 

a portion of the* solar r.n <. "we orvasioitally ]>ereelve a number 

of dai k spots upon it • * nr! tce, of‘ \arious forms and magnitudes. 

Tli(>ii"h tlu-e spoK Imm' soinelimes been suirieiently large to 

be til'll.iiHikhi-lh\ the nakttl eye, yet they were not discovered 

till .il’^er the iinentio.i of the tdeseope. They seem to have 

bet.!i Hist seen ei‘'iei by onr eountryniaii Harriot, to whom the 

seie: "e of .’l^ohr.i uas n.jJer great obliti.itions, or by John Fa- 

bneuis, nlto puhli lied an aeeouni of 1 ns observations in ICll, 

at i.teiiihcig.' lie dtihci.tion of this ^vork is dated 13tli 

dime Kill; but the tib'.ertatuais of IlaiTiot niKin 
• 1 I ! I ,■ -!'» 1 trArxo Observationg 

Ine solar sjiots on liie hth or December lolO." of Harriot 

It is ((liMous, iiithel, Ir.im the work (' 1 * Fabricius, 

1111 1 1*1 ClUSa A 

that lij Ji.ul the Sinis .spot', tlurmg the year 

KiiO. hut it IS not certain that lie saw them before Harriot. 
It i' a rLinarkahle ciicmiisU'mee, that J<’abricliis ivas acquainted 
with no method of interee])ling a jiortion ol‘ the solai* rays, in 
ord r to sjne the 03 c. He obser\ed the Sun when he was in 
the horizon, and when his brilliancy was impaired by thin 
clouds, and foaling '.apour'.; and he ad\ises those who repeat 
his ob.L'i\jiti.)iis 10 receive at hrst a small portion of the Sun, 
am* gradual!V to aecustom tlic e\e to a greater portion, till it is 
.ihle to bear tl/O full blaze of it*, ilf-hl. When tlie altitude of 
the Min becauK' considerable, Fabricius w’as compelled to aban¬ 
don bis observations; and lie inil.rms us, tliat his eye w'as so 
much alfi cted by llie impression of the solar light, that, during 
tlie two h'llowing days, lie could not see objects with the same 
distinctness as firmcrly. 

^ This work is entitled ./oL Fahncii I^krysii de MacuUs in Sole abaervaiU, eL 
appannte eaium cum Sole ronvernone narratio. IVUtcbcrgie, 1611, 4t0, 43 pag. 

* bee Epbemeudes de Berlin, 1768, p. 154. 
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ObserTfttknH At the beginning of the year 1611, Scheiner and 
pf Scheiner. Galileo seem to have observed, about die same time, 
the spots of the Sun. Scheiner was professor of mathematics at 
Ingolstadt; and having accidentally turned his telescope to the 
Sun, when thin clouds were flying across his disc, he perceived 
a number of black spots, and shewed them to several of his 
pupils. The report of this discovery was widely propagated ; 
and,! though Scheiner vas solicited by many of his friends 
to publish an account of the solar spots, yet he was prevented 
from 3 rielding to their wishes by a dread of the ecclesiastical 
power. His friend Mark Velser, however, who was one of 
the ma^strates of Augsburg, and to whom Scheiner had 
transmitted a detail of his observations, published an account of 
the discovery, on the 5th January 1612, in three letters, under 
the signature of ApelUs post Tabulam. Scheiner imagined 
that the spots which appeared on the Sun did not belong to 
that luminary, but were planets, like Mercury and Venus, 
which revolved in orbits not very distant from the Sun.* Ga- 
ObBervadoni lilco, who had already made many observations on the 
of Galileo, solar spots, and to whom Velser transmitted a copy of 
Schemer’s letters, with the request that he wouhl^vour him with 
his opinion of the new phenomena, was at first averse to hazard 
his sentiments on a subject which might again provoke tlie ho&> 
tility of the church; but, on the 4th of May 1612, he at length 
ventured to express his opinions to Velser, and to combat the 
notion entertained by Scheiner, of the cause of the solar spots. 
Galileo observed, that these spots were not of a permanent 
form, as they ought to have been if they were satellites; but 
that they often united, separated, increased, and dispersed like 
vapours or clouds. He maintains, that these spots are upon 
the surface of the Sun; that they describe circles parallel to 
each other; that the motion of the Sun round its axis every 
month again presents the spots to our view; that some of the spots 
continue one or two days, and otliers thirty or forty; that diey 
. contract in their breadth, when they approach the Sun’s limb, 
without suffering any diminution of their length; and that they 
are seldom seen at a greater distance than 30° from the Sun’s 

* Schdaer, many yean afterwards, publidied a large work on this subject, entitled, 
JtMa C/rttao, stve Scl ex admirando facularum et maadarum saarwia platotneno 
•anus* a Ckrittepktn Sduitmt Germane ifuevo, e eocktate Je$n. 163V. F(4i«, 

77 ^ 
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equator. Galileo likewise perceived on the disc of the Sun 
^facuhr or luc^di, which are' spots brighter than the rest of his 
disc, and which move in the same manner as the dark spots.* 
The spots of the Sun have been distinctly ob- General pha- 
served by astronomers since the time of Galileo, and nomenaoftho 
many new and curious facts have been brought to 
light respecting these interesting phenomena. The spots are 
very various, both in magnitude and shape. Most of tliem 
have a very dark nucleus, surrounded by an umbra or a fainter 
shade. The boundary between the umbra and the nucleus is 
distinct and well defined, and the part of the umbra nearest the 
dark nucleus is gener. 'y brighter than the more distant por¬ 
tion. However irregular be the outline of the dark nucleus, 
the outer circumference ol‘ the umbra is always curvilineal, 
without any angles or sharp projections. When any spot be¬ 
gins to increase or diminish, tlie nucleus and umbra expand 
and contract at the same time During the pr<x!ess of diminu¬ 
tion, the umbra encroaches gradually upm the nucleus; so that 
the figure of tlie nucleus, and the boundary between it and the 
umbra, are in a st.ate of perpetual change; and it often happens 
that, during these variations, the encroachment of the umbra 
divides tlie nucleus into two or more nuclei. When the sjxits 
disajipear, the umbra continues fora short time visible .afterthe 
nucK.is has vanished, and unless the umbra is succecdetl by a 
Jacula^ or 1 uminous spot, the place where it disappears resembles 
the other portions of the solar surface. Large umbra' are sel- 
<lom seen without a nucleus in their centre, but small umbras 
fretiuently appear by themselves. When Dr. Long was examin¬ 
ing the Sun’s image, received upon a sheet of white paper, he 
observed a lar^^' round spot divide itself into two spots, which re¬ 
ceded from each other with immense rapidity. The llevercnd 
Dr. Wollaston perceived a phenomenon of a similar kind, with a 
twelve inch reflector. A spot burst in })ieces when he was ob¬ 
serving it, like a piece of ice, which, thrown upon a frozen {)oud, 
breaks in ])icces, and slides in various directions. 

Besides these changes in the spots, which are owing to some 
cause with which we are yet unacquainted, they undergo variations 

* An account of Galileo's observaUons, will be found in his book, entitled, Intoria 
Dimontiaaionit intorno a U macchie solan, Homa 1G13. In the preface to this work, 
he obsehres that he shewed the spots in the Sun to several persons in the quirinvl 
garden of Cardinal Tandini, in April IGl 1. 
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of an optical kind, from their change of position on the disc of 
tlie Sun. The nature of this variation will be easily understood, 
by placing a black spot upon a common globe, and observing 
the different shapes which it assumes, while the globe is made 
to revolve abou^t its axis. When the spot is near the middle of 
the Sun’s disc, its breadth is then greater, but it diminishes gra¬ 
dually as it advances towards the edge of his disc. This \a- 
riation in the figure of the spots, and some of the other \aria- 
Plate III. tions already mentioned, are repiesented in Plate III, 
17 . p>jg^ where A B is a portion of the Sun’s disc, 
and a, a, a, the appearances of a spot on seven successive 
days, as observed by Hevelius. Hence it is obvious, that these 
spots are upon the surface of the Sun, and that their motion 
across his disc, from east to west, is produced by the revolution 
Eolation of of the Sun alxiut his axis. The time in whieh any 
om*" returns to its former jiosition upon the Sun’s 

the motion of disc, is about 27 days 7 hours and 37 minutes; but 
his spots. as the Earth has, during this time, advanced in its 
orbit from east to west, and in some measure followed the mo¬ 
tion of the spot, the real time in which die spots perfonn their 
revolutions will be found to be 25 days 10 hours. This will he 
understood by supposing that a spot has just vanished behind 
the western limb of the Sun ; in the course of 27 days 7 liours 
and 37 minutes it again v anishes behind the same limb but, 
during this interval of time, the Earth has advanced in its or¬ 
bit, and in the same direction with the s^xit; and thcreJbrc, 
when the spot reaches the Sun’s western limb, after one com¬ 
plete revolution the western limb of die Sun, behind wliith it 
vanishes, has shifted in absolute space to the westward, so that 
the spot has performed a complete revolution, and ]>art of a re¬ 
volution round die centre of the Sun. Wo have thercfoio 365^ 
6 ’* 48 + 27“ 7** 37', or 392'‘ Vo^ 25' is to 365“ 5’' 48" as 27“ 
7** 37', the apparent revoluti(»ii of the spots is to 25“ 9** 56', the 
real revolution of die spot, or the time in which the Sun per- 
'forms his rotation about its axis. The axis of the Sun, round 
which this revolution is performed, is inclined 7° 20' to the 
ecliptic, and the node of the solar equator is in the 18th degree 
of Gemini The solar spots are never seen towards the poles 
of that luminary. They are generally confined within a zone, 
stretching about 30“ 5' on both sides of his equator, though 
sometimes they have been seen in the latitude of 39° 5' 
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M. Silbcrschlag of Magdehurgh made several observations 
on the solar spots in the year 1768, from which he draws the 
strange conclusions that they have a motion of rotation, and 
that they change their place on the surface of the Sun, inde¬ 
pendent of liis monthly ievolution. He c»l>o concluded that 
the s])ots hi I not uiereiv the diinensio.is of lengili and breadth, 
but that t’ 'v consi-,t.*d of thick iiia'-si s of o]) upie matter, (lier- 
nouilli’s Lett. A.stton. p, 6.) 

Galileo, IIc\eliu'., (Si }>. and 

IMaupertuis, (G’lin'rrs^ ^ol. i, ]). ^eem to l-;ne the vi’.ar 

considered the sp(,ts as scoria fio.iMog in tiie in- 
flammable li(juid matter, of vhi-’h they ct»iK\ive the .Sun to 
be comjiosed. 'I’his o’piiiiou, ho\\o\er, ^\ill a])]icar highly 
improvable, wlnai we consider the ii'giil.u'ity with which the 
spots fretpiently re apj>ea»' on tlie (a'tern limb ol* the Sun, and 
the efleet that tlie ceiitiil'iig;’* t'orce t)l‘ the Sun would ha\e in 


carrying all these floating cmp in* to ihe efjii''t*)ri.il regions. 

M. de La Hire .uul La L.inde consid.er the solar _ . 

... 1 ... 1 , Opinion of 

sjiotb as aiisnig ii m *ll.. opepie oodv ol tlie rnin, i). k Hue 

the eminences of A\iileli aie ^('metimes uiico\» red. in 

• It . 1/1 /'I 

con sequel! (e ot the ei'.i male flux and renu\ ot tlie 
lii|uid igneous maltia- m which that opaque mass is generally 
enveloiK'vl. The jiarl of the opaijiie iiu'ss whieh thus rises 
aine<* tlie general su'f.iee fiixe' the a})jiecir.uiee of the nucleus, 
wliile those jiarts ol‘ the <a'Kjue mass winch lie tmly a little 
beneith the igneou? matter, produce the apjieaiaiice of the sur- 
rounthng umbra. 

Tliis ilieory has been atry ably opjmseil by our Dr.Wilson’s 
learned eoiintrynian, the late 13r. AVilsoii, jirofe'-sor 
of jiraetieal astronomy in the university of Glasgow, who inain- 
tahvs, with great appearance of truth, that the solar s})ots are 
depressioas rather tliaii elevations; and that the black nucleus 
ol every sjiol is the opaque body of the Sun, seen through an 
opening in the luminous atmosjilierc with which he is encircled. 
This explanation was suggested to Dr. Wilson by the ])hciio- 
meiia of the great solar spot wlncli appeared in November 
1769, and is foiiiuied on the following facts: When any spot is 
about to disappear behind the Sun’s western limb, the eastern 
portion of the umbra first contracts in its breadth, and then 
vani^es. The nucleus then gradually contracts ami vanishes, 
while the western portion of the umbra still remains visible. 
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AVhen a spot comes into view on the Sun’s eastern limb, the 
eastern portion of the umbra first becomes visible, then the 
dark nucleus, and then the western part of the umbra makes 
its appearance. When two spots are near each other, the um¬ 
bra of the one spot is deficient on the side next the other; and 
when one of the s|iots is much larger than the other, the umbra 
of tile largest will be completely wanting on the side next the 
small one. If the large spot have little ones on each side of it, 
its umbra does not totally vanish, but seems flattened and 
pressed in towards the nucleus; but the umbra again exjiands 
from this compressed state as soon as the little sjxits disappear. 
I’rom *this cause, Dr, Wilson concludes, that the western por¬ 
tion of the umbra may disappear before the nucleus, when a 
small spot hajjpens to appear on the western side of the nu¬ 
cleus. All these appearances strongly confirm the opinion of 
Dr. Wilson, that the black part of the spots is the dark body 
of the Sun, seen through an opening in the luminous matter. 

The reverend Dr. Wollaston, and M. de La Lande, how¬ 
ever, have maintained, that though the umbra generally varies 
according to the manner now described, yet the phenomenon 
is not universal, and cannot, therefore, be employed as the 
foundation of a system. I..a Lande mentions three observations 
of his own, and four oliscrvations by Cassini and De la Hire, 
in w'hich the umbra did not vanish, as Dr. Wilson descrilies' it. 
This anomaly, however, may have arisen from some small sjiots 
in tlie neighbourhood of tlie large one, and cannot possibly be 
considered as an argument, that the spots are not excavations 
in the Sun’s surface. At all events, it may be shewn, that in 
some s]iots the umbra may not change as it approaches the 
limb, in consequence of the shallowness and gradual shelving 
of the opening in the luminous atmosphere. 

J>r. WiisMn’s In order to confirm experimentally his theory of 
bolar yiobc. solar spots. Dr Wilson constructed a globe, con • 
sktiug of two strong hollow hemispheres, formed by pasting 
slips of paper upon a w'ooden ball, and afterwards fastened to¬ 
gether upon an iron axis. A thick paste, made of glue and 
Spanish white, were laid, in successive coats, upon this outward 
shell, till it Became of considerable thickness. The globe was 
then made smooth and spherical; and as soon as it was dried, 
and tlie crust white, the spots or excavations were madi;^ in its 
surlace, by boring instruments of steel, constructed, tin all their 
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cutting edgeS) from a scale of parts of the diameter of the ball. 
The bottom of the hollows were then painted black with Indian 
ink, and the slope, or shelving sides of the excavations, were 
distinguished from the brightness of the external surface by a 
shade of the pencil, which increased towards the external bor¬ 
der. When tliis artiticial Sun was fixed in a suitable frame, 
and ('\amincd, at a great distance, with a telescope, the umbra 
and the nucleus exhibited the same phenomena which have 
been observed in the real Sun. 

La Lande has objected to Dr. Wilson’s theory, that the great 
spots seen by De la Hire on the 3d June 1703, and by Cassini 
in 1719, made an indentation, or notch, in tlie solar disc, which 
he conceives to be incompatible with the opinion that this spot 
was an excavation. Dr. Wilson, however, has shewn, tliat 
excavations may cause something like an indentation in tlic 
Sun’s limb; and maintains, that the notches do not always ac¬ 
company large sj)ots; anti that the unfret]uency of their oc¬ 
currence, and the want of accurate observations, should pre¬ 
clude astronomers from bringing them forward in support of 
any class of opinions. 

We conceive that the most irrefragable objection to the opi¬ 
nion, that the spots are eminences, which rise above the general 
level of the luminous matter, arises from the uniform diminu- 
ileii of the sptits, as they advance from the central pai*t of tlie 
Sun to his western limb. If these dark solar mountains arc 
deserted by the luminous matter, why do they ajipcar largest 
when they reacb the centre of the Sun’s disc ? Whenever the 
height of the mountains greatly exceeds the diameter of tlieir 
base, in.stead of contracting in the dimension of breadth, tliey 
ought to increase as they approach the limb; aiul, at all events, 
sliould exhibit phenomena very different from what should take 
place upon the suppisition that the spots are depressions in the 
luminous matter. It may be said, indeed, that tlie height of 
these eminences bears no proportion to the diameter of their 
base; but this is an assumption of which no theorist is entitled 
to avail himself. 

The faculae, or parts of the surface of the Sun ^ 

which are brighter than the rest of his disc, require bright bpots 
to 'be examined with good telescopes. I hey are 
generally seen in the places where spots have appeared ; and 
jojuetihies the iacula which envelopes an assemblage of spots, is 
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4it«Ungui8hed by a very great degree of brilliancy. These 
facula?, according to the reverend Dr. Wollaston, are often con¬ 
verted into dark ones. He observed a bright facula appear 
on the east limb of the Sun, which next day bocaine a s})ot. 
(See PhU. Trans. 1774, vol. 64, 367, and Anciens MrmoirrSf 
p. 663.) He also observed a mottled appearance over the face of 
the Sun, which, though iiiost ^islblc near the limb, was also 
perceptible in the centre, but never appeared toM ardt> the poles. 
The celebrated astronomer ]M. JViossier hais made a number of 


curious observations upon the solar faculse. lie often saw 
them enter upon the disc of the Sun, dixsapjicar as they aji- 
proached the centre, and afterwards re-apj)ear on his other limb. 
In general, they continued visible for about three days after 
they a})peared, and wcie seen, for the same space of time, be¬ 
fore they quilted the Sun's westcin limb. In these fuailm, 
spots generally arise, of a magjiitude })roportional to the 
brightness of tlie facula. ^Vhen this did not happen, IVI. jMes- 
sior found that the facuhv v\ ere the precursors of sjxits, v\ hie h 
ordinarily ap]Kared near the same jil.ice on the following da} ; 
and hence he vias alva\sable to predict the appearance of sjiots 
about 24 hours betm*e they entered the Sun’s disc, and to anti¬ 
cipate from the situatiiai and brightness of the facuhe, the 
brilliancy and position of the spots themselves. See Mem. Acad. 
Par. 1781'. J\i. Schroeter has seen these faeuhe in every j’a. t 
of the Sun’s limb, but particulail} iu a zone between 20 of 
north and 20'" of south solar latitude. They generally sub- 
tended an angle of about two or tlu’ee minute**, and always ap- 
jjcarod most brilliant vihen they were near the limb. (Bco- 


bachtmigen, 1780.) 


Obseivations 


Such are the observations which were made upon 


of ijr. IJci 
schel. 


- the solar spots before they were examined by the 
powerful telescojK’s of Dr. Ilerschel. This astrono¬ 


mer continued his observations from 1779 to l'i94, and has 


disclosed a number of curious jihcnoinena, which throw much 


•■ligjit upon the nature and con-tructioii of the Sun. Before we 
direct the attention of the reader to the several conclusions 


which the Doctor has deduced, wc shall give an account of the 
<ruTerent phenomena wliich he ob'crved on the surface of that 
lumliuiiy. It will be neccssarv, how'cver, to premise, that he rc- 
gfiUfU the luminous siiiface of the Sun as neither a liquid sub- 
lance, nor an elastic fluid, but as luminous clouds, floating in 
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the solar alniosj)ht‘rc; and that he c )n?iders the dark nucleus 
of the spots as the opaque body of llie Sun, appearing through 
tlie oj)(‘nings in his atmosphere. Rejecting the old tenns, of 
Spof:if Nitclu^ Uvihra\ Facuhe, &c. Dr. Ilerscliel has framed 
a new nomenclatun*, and comprehends all the solar appeamneea 
under the naiiich oi‘ Shalhws, Unices, Nodtdes, Cor- 

rugationfiy Indii tK (nnl Pores. (See Phil. Turns. I'/Oi; 
and ran |J. p )•?) 

Oiv'iiintis arc tl* c a,)]>cai<ru'C', in Mliicli the , 

^ 1 ' 1 r .1 • • 1 1 • * OjjeMTigs. 

body ci * c '■'iMi i*- in con')equencc 

of thcMvnuA.il <)?“ ] Ml o* the hiniiLoiis clouds. One of these 
opr'iiiiu’s, A\illi 11 dn-II M’ hoiil it, -ivljich was seen on the 4th 
JaniMry 1801, a ^ mkI pn^.! the Sun’s centre, is 
represented in rJaU' III, Tig. 18. On the we‘ft‘rn Sun.Vjj. 
side of the '•hallow, its ilnekness was visible fnan 
its surface dovMT a/\h ; hiil, on tlie cistern side, llie thick- 
hiss could not be sttc, the ed "» of the shallow only being 
’.isible. A "eetioii ol tins opi'C. i'_, is shewn in 10, where 
the lines a l)( Oji eo >'Lqiondi»i •, \*ith tho'«e in Fig. 18, are 
'upjioscd to be drawn In tn the ty of the olntrver. Tlie line 
(1 pa'-es throiioh the opcniinj; to the o] eque body of tlie Sun 
It is obMous, from l'ij». 10, that tin* thickness ol’ the shallow 
is Msihic onl} on one side, Iniin (lie posiil'Mi of the {)b‘'civer’s 
r\e. Lai'i'i* openings aie cimrally sunoiiiahd with sluillows, 
though inaiu openiacs, laid p.ulKul ilv inial! ones, have no 
shallows. ()]Hi’‘''ii:''l'.t\e a ti'iulein ’ to iUii n to each olhei ; 
and new ones often liuak out near (.tlieis. 11.decs and nodules 

I “ 

generally cwconipany <*|.er.ini>s. Dr. Der'chel iiiiagines tiiat 
the ojienincs aie ]i.( ’cetd bv an I'l.islie gns, which i'^siies 
through the Incipit’.t » iieiiii.ip, or j»ok'', and, foicing it', way 
through tin ni, sju."' m cM'oa d\' liai’iuous clouds. TIic di- 
icction of ihe g.'.-t.a.-. -.tieaiu ii i'.l( u oblique; .‘■o that ihe lu¬ 
minous clouiLs au* di 'k n lali i ’i!\, and l(irin *1 larger shallow 
on one'•ide. 0 |kiiii.'i svin-clUiies ha%e a dilfeiencc of colour. 
Tlicy duide when ikv \ed, and (anc'tinies ihe^ increase again; 
but, in general, when liiey are diMded, the} diniinisli, and dis¬ 
appear, leaving tlie ‘urt.ice more than usually disturbed. They 
arc sometimes converted into large iiideiitation.s, and not un- 
freejnendy into pores. Fig. 20 represents an opening, witli a 
branch from its shallow: In the course of an hour it assumed 
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the appearance shewn in Fig. 21. Fig. 22 is another openings 
with a long shallow. In three hours it assumed the appear, 
ance in Fig. 23; and an hour aider this, an opening ap¬ 
peared in the shallow, as in Fig. 24. The openings are gene¬ 
rally at their greatest extent, as in Fig. 25, when the shallows 
begin to vanish, and the lips, or projections, to disappear. The 
division of the decaying opeiung is shewn in Fig. 26, where 
the luminous passage across the opening resembles a bridge 
thrown over a hollow. 

Sballowa. Shallows afc places from which the luminous so¬ 
lar clouds of the upper regions are removed, and are 
therefore depressed below the general level of the surface of the 
Sun. The thickness of the shallows is visible: they sometimes 
exist without openings. They generally begin from the openings, 
or branch out from shallows already formed, and go forwards. 
Fig. 27 shews tlie two branches. A, B, of a shallow, proceeding 
from an opening, C. In the course of half an hour, Fig. 28, the 
shallow B is nearly united to the narrow part of the shallow sur. 
rounding the opening D, while the shallow A seems to advance 
in a direction towards the opening E. In die space of another 
half hour, the shallow B has completely run into the shallow 
about D, while the shallow A has increased in breadth towards 
F. The shallow A became afterwards pointed, as in Fig. 29; 
and in the course of an hour, it became broad at the point, and 
a new branch broke out at G. From these changes. Dr. Her- 
schel concludes, that the shallows are occasioned by some- 
thing issuing from the openings, which drives away the lu- * 
minous clouds from the parts where it finds the least resistance, 
or which dissolves these clouds as soon as it reaches them. 
The new branch afterwards began to increase, and another 
branch, marked H, Fig. 28, began to break out from the shal¬ 
low around E. These changes Dr. Herschcl attributes to the gas, 
or substance, which at first forced open the passages, and is 
now widening them. Three small branches, a, b, c, were seen to 
project from the shallow of the large opening in Fig. 81. The 
vacandes between these branches were afterwards filled up, by 
the same cause that occasioned them, so as to increase the 
breadth of the shallow on that side of the opening. The shal¬ 
lows have no corrugations, but are tufted, like masses of dense 
douds. The decay of the shallows is supposed to arise from 
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the encroachment of the luminous douds, in consequence of 
the enfeebled energy of the gas or substance that produced 
them. 

Ridges are elevations of the luminous douds above 
their general level, or above the general surface of 
the Sun. These elevations generally surround openings, though 
they have sometimes been perceived where openings do not 
exist. Ridges soon disperse. One of them occupied a space 
which subtended an angle of ^ 4>6", corresponding to 75,000 
English miles. Dr. Herschel ascribes the formation of the ridges 
to the disturbanae of the luminous douds, by the elastic gas 
which issues from the opening; or he conceives that diis gas 
may act below the luminous douds, so as to elevate them above 
tlicir ordinary level. 

Nodules, formerly called faculse, or luculi, are 
small, but brilliant, and highly elevated parts of the 
luminous clouds. Dr. Herschel imagines that they may be 
ridges, seen obliquely, or foreshortened. 

Corrugations are elevations and depre«sions of tlie 
luminous matter, having a mottled appearance, and 
consisting of light and dark places. The dark places appear 
to be lower than the bright places; and, in a favourable atmo* 
sphere, tlie corrugations may be as distinctly jici’ceived as the 
vough surface of the Moon. They extend over every part of 
the Sun’s surface. Their shape and position is perpetually 
changing, and they increase, diminish, divide, and vanish 
quickly. 

Indentations are the dark parts of corrugations; ^ , 

, „ . n 1 • 1 • ‘Ml Indentationi. 

and Irom the circumstance or their being visible very 

near tlie limb of tlic Sun, it would appear that they are not 

much depressed below the level of the luminous clouds. The 

sides of the indentations are like circular arches, (See Fig. 32), 

with their bottoms occasionally flat. Indentations are of the 

same nature with shallows, varying in size, and sometimes 

containing small openings, and at other times changing into 

openings. They extemi over the whole surface of the Sun, 

and, w'ith small magnifpng powers, tliey have the appearance 

of points. • 

Pores are small holes or openings in the lo# places 
of indentations. Sometimes they increase and be¬ 
come ownings, and frequently vanisti in a short time. 
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From these interesting fael&, Dr. Ilerscliel has 
Bchel’s theory deduced a theory of the solar phenotiieiin; which, 

of tfie solar however ingenious it may be, is ibuiuled onassuin]>- 
puenomcna. . , f 

tions too arbitrary aiui gratuitous to be recognis¬ 
ed in a science which admits*of no evideiu-e but dcraon- 
s.ration. To suppose that the numerous iivegularitio.. on tln‘ 
surface of llie Suii are occasioned by an elastic einpyreul gas 
which rises through tlie openings, and disturb-* the equilibrium 
of the luminous mass, is to shew how these irregulai ities may 
be produced by the action of a hypotlietical agent; but it neier 
can be considered as an explanation ol‘ the pnyce'^ -.es v. Inch iia- 
tiii-H* is carr;ying on in that immense depodtri-) of fire. Dut 
though we cannot admit the h;})othesisprf)p{/^cd bv tliia learned 
and ingenious astronomer, we are disjio.scd to ae(]iiie-ce in some 
of the im]^)urtaut conclusions ^\])ic1l he has drawn from Ills ob¬ 
servations. From the numerijus ele\atlons and d.’pivsMons of' 
the luminous matter, and from the length oftniie during vhich 
they are visible, the Doctor justly infers that llie shining matter 
of the Sun is not a fluid, hut a mass ol‘ luminous or ])hospiioric 
clouds, lie concedes, from the uniforiniu of colour in tlie 
shaliovs, that below these self-luminous clouds tlierc is another 
stratum of clouds of inferior hilghtiicsv., which is intended 
a« a curtain to protect the solid and ojiucjue body of the Sun 
fniin tile intense brilliancy and lieat of the luii>iMous cloiuh. 
Ily means ol‘ his photometer. Dr. Ilcrschel lound that the light 
reflected by the inferior clouds is 4*09 out of 1000; and th.at 
the light reflected by the opaque body of the Sun is only 7. 
llenco it appears that the Sun consist-, of a dark solid nucleus, 
surrounded by two strata of clouds. Tlie outermost of these 
is the region of that light and heat which is diffused from the 
centre to the remotest parts of the s^ sl<'m, while the interior stra¬ 
tum is supposed to ])rotect the inhabitants of the Sun from the 
fiorv hla/e of the stupendous fui'iiace by which they are in¬ 
closed.® 


^ It is a cnTion's fact, that the opinions of Dr. Hcrschel, respecting the nature of 
the Sun, wcie maintained about 22 years ago by a ])r. Elliot, who was tiied at the 
Old Bailey for shooting Miss Boydel). The friends of the Doctor maintained that 
he was insane, and called several witnesses to establish this point. Among these 
was Dr. Simmons, who declared that Dr. Elliot had, for some moudis before, shewn 
a fondness for the most extravagopt opinions; and that, in particular, he had sent 
tu him a letter, on the light of tiic celestial bodies, to be communicated to the ICoyal 
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^ That the Sun may, at the some time, be the ^ 

source of light and heat, and yet capable of support- juices lift¬ 
ing animal life, is one ^S£ those conclusions which we 
ore apt to admit without hesitation, and to cherish 
^vith peculiar complacency. The mind is filled with admira. 
tion of the wisdom of Grod, and swells with the most sublin^ 
emotions, when it conceives that apparently the most inacces¬ 
sible regions of creation are pco])led with animated bein^ ; and 
that, while the Sun is the fountain of the most destructive of 
the elements, it is, at the same time, the abode of life and feli¬ 
city. In impressions of this kind, however, delightful though 
they be, we must not rashly indulge, lest we should afterwards 
find that we have been admiring an order of things which does 
not exist in nature, and have thus been indirectly reflecting on 
the infinite wisdom that sanctioned an opposite arrangement. 
AVhenever we allow our feelings to interfere with our reasonings, 
we are ajit to yield ourselves to the guidance of loose analogies 
and imjierfect views, and become the defenders of opinions, 
which every subsequent observation and discovery will only 
tend to overthrow'. We conceive that the opinion of the Sun’s 
being a habitable globe rests on reasonings of this nature ; and 
as the subject is curious and worth examination, we shall en- 
fleavoiir to place it in its proper light. 

"When the invention of the telescope enabled astro- 
nomers to detect the striking resemblances between of Dr. Her- 
ihe different plimets of the system, it was natural to 
conclude, that as they were composed of similar materials, as 
they revolved round the same conln*, and were enlightened by 
similar niiKins, they were all intended by their w iso Creator to 
be the region in w Inch he chose to dispense tlie blessings of 
existence and intelligence to various orders of animated bein^. 


, Society. Tins letter coniiimcd Dr. Simn3on$ in Uic bebef that this unhappy man was 
under the inlluence of thisincntdl derangement; and, as a proof of die correctness of 
tins opinion, he directed tlie attention of the court to a passage of the letter, in which 
i)T. T.Uiot states, “ that the light of the Sun proceeds from a dense and universal 
aurora, which may afford ample light to the inhabitants of the surface (of the Sun) 
beneath, and yet be at such a distance alofr as not to annoy them. No objection, 
says he, arueth to that great luminary being inhabited; vegetation may obtain there, 
as well^as with us. There may be water and dry land, hills and dales, nun and 
fair weather; and as the light, so the season, must be eternal; consequently it may 
easily be conceived to be by far the most blissful habitation of the whole tystem.'* 
(Sec the (^ntleman'a Magaane for 1787t P* C3C.) 

VOL. H. 


1 . 
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The human aakvl cheerfully embraced this sublime view of cre- 
ttbn, and, guided by the principle that nothing was made in 
wain, man eirtended his views to the refhotest comers of space, 
and perceived in every star that sparkles in the sky the centre 
of a new system of bodies, teeming with life and happiness, 
and displaying fresh instances of the power and beneficence of 
^eii^ Maker. * Hav^g thus traversed the illimitable regions of 
space, end, considering every world whidi rollt^ in the immense 
void as the scene on which tlie Almighty has exhibited his per¬ 
fections, the mind, unable to command a wider range, rests in 
satisfaction on the faithful amilogies which' it has pursued. 
While tiie planets were thus regarded as habitable worlds, 
astronomers considered the Sun and the stars as the reservoirs 
fipom which liglit and heat were dispensed to man, and as the 
great centrd magnets which b(^nd together, and guided in 
their course the various planets which surround them. These 
4offices were reckoned sufficient for the great luminary; and 
astronomers were led by no analogy, and by no consideration^ 
of final causes, to view it as the seat of Bnimal existence: they 
left it to the poets to people, witli a colony of salamanders, these 
re^ns of eternal fire. 

The solar observations of Dr. Wilson first suggested the 
ojnnion that the Sun was an opaque and solid body, surrounded 
with a luminous atmosphere} and the telescopes of Dr. Herschel 
have tended still farther to establish this opinion. The latter 
of these astronomers, therefore, imagined that the functions of 
the Sun, as the source of light and heat, might be performed 
by the agency of its external atmosphere; while the solid nu¬ 
cleus was reserved and fitted fur the reception of inhabitants. 
This conjecture, however, is consonant with nothing which we 
find in nature. It is inconceivable, indeed, that luminous 
dilads, yielding to every impulse, and in a state of perpatuid 
change, could be the depositoiy of that devouring fiam^, and 
that insupportable blaze of light which are emitted by the Sun; 
"and it is still more inconceivable that the feeble bairier of pla¬ 
netary clouds could shield the subjacent mass fh>m tlie destruc- 
New theory tive elements that raged above.* The opacity of 
P**^®**^ the interior globe of the Sun is no reason why it may 


* ** 'It ve inquire,'* aayi an emineot eutfaor, into die iateniity of the heat which 
aiuft neceHarily exist whaterer thia combustion is performed, we sb^g soon be 
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not acj^a part in the productim or preservation nf «|Ih» aolAr heat. 
On the contrary, it appears highly probable and 4salWnteiM*^<^lhi> 
other discoveries that the (hurk solid nudeus o£ the Stin is the 
magazine from which its heat is discharged, while the iuminauii 
or phosphorescent mantle, which that heat freely pervades, is 
the region where its light is generated. Dr. Hersehers own 
experiments assure us, that invisible rays, which have the 
power of heating, and which are totally disti^t firom those 
which produce light, are actually emitted from the Sun ] and 
that luminous rays, incapable of producing heat, are discharged 
from the same sdlirce. These facts, therefore, not only cmi- 
firm the theory w'hich we have stated, but receive, in return from 
that theory, tlic most satisfactory explanation. The invisiUe 
ra^ s which pervade every part of the solar sj^ectrum, formed 
by a prism, and which extend beyond its rpd extremity, are 
emitted from the opatpie nucleus, and therefore excite no sen¬ 
sation of light on the human retina; while the coloured rays 
winch form the spectrum itself are discharged from the lumi¬ 
nous matter that encircles the solidmucleus, and are therefore 
endowed with the property of illumination. Hence it is easy 
to assign the reason why the light and heat of the Sun are ap¬ 
parently always in a state of combination, and ^^hy the one 
emanation cannot be obUuned without the other. The heat 
projected from the dark body, and the light emitted from the lu¬ 
minous atmosphere, are thrown off in lines diverging in every 
possible direction ; so that the two radiations must be uniformly 
interQiingled, and, as in a stream flowing from two contiguous 
sources, the heat must always accompany its kindred clement. 
That light and heat ore two different substances, distinguished 
by different properties, is a proposition which seems to flow 
from ti)e most recent experimentst We And the invisible heat 

i 

roi^Tinced that no clouds, however dense, eould impede its rapid transmisuon, eveir 
* to parts below. Besides, the diameter of the Sun is 111 times as great as that 
of the Earth ; and, at its surface, a heavy body would fall through no less than 450 
,feet in a single second; so that, if eirSry other circumstance permitted human beidgs to 
^ reside in it, their own w^^t would present an insuperable difflcultyr since it would 
become nearly 80 times as great as upon the surface of the Earth, and a nun of 
moderate size would weigh aime two tmu.” Dr. Thomas Young’s JVat. PktL voU 
f, p. 50,1,2. * 

The quantity of heat whidh Is transmitted to the habitable npons of die Sun for 
the puiposes of vegetation mustneeeBi|||nly accumulate, tUl it becomes insupportable, 
as there itfno possibility of its escaping back to the luminous atmosphere. 
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of ^ Sim ^siMng fe{Mrately frc^ its ligbt, and possenang a 
clfiMNtti^g^l^ty less &an the least reinuigible^rays of 
ihe primatk^apeelzunb Light has likewise been found Sepa¬ 
rate froth heat; and though it maybe imagined tlkat this arises 
fr(»i 'die extreme attenuation of the light, yet when the light ox 
the Moon is concentrated by powerful burning mirrors, we 
aught certanl^ to have expected that tlie heat, if any did exist, 
wbuld be appiipdable by delicate thermometers. Lvery attempt, 
however, to detect heat in the rays of the Moon has completely 
failed; and we are therefore entitled to presume that a greater 
propordon of heat than of light has been absorbed by that lu- 
minary* If light and heat, then, be two different substances, 
endowed with different'Chemical and pliysical properties, is it 
not unphilosophical to suppose, that they arc emitted from the 
tame source, whan we have actually two different regions in 
the Sun, to which we can with more propriety refer their ori- 

gin ? 

This opinion, whidl we propose only as a conjecture, founded 
on the most probable analogies, will receive amsiderable conllt- 
tnadon, if we can adduce any strong analogical arguments ngainsl 
the supposition that the Sun is a habitable world; for if tlie 
nucleus is nat fitted for the reception of living beings, it is the 
more probable, that it acts a capital part in the production or 
pres^ation of the solar beat Some arguments have already 
been suggested reladve to this point. We shall endeavour to 
illustrate two other conuderations, which, we trust, will ha\csome 
weight in favour of our opinion. Since those who consider the 
Sun as a habitable world, found this opinion upon analo^cal 
arguments, we are entitled to avail ourselves of all the assist¬ 
ance which can be drawn from the same source. If the Sun, 
then, be a great habitable planet, we may expect to ^nd in it 
those points of resemblance to the other planets which arc re¬ 
garded as distinctive marks of a habitable world ; and if we shall 
find, that any analogy which subsists with respect to all the 
other planets fmls, when applied to the Sun, we are entitled to 
consider diis difference as a proof that the Sun is not inhabited. 

In proceeding from the remotest of the planets to the centre 
of the system, we find, that a general Jaw prevmls respeedng 
the denaties of the planets. These densities appear to increase, 
AS the planet is nearer the Sun. 'Uius, we have for the dendty 
of the ^ b 



CH. IT. |jtS€!O^IStf 0 ^^ 

^ % 

Gflofghnn Sdus, Entb, *lt( 

Saturn, -- - If, Vfgmt 

Jupiter,«.— . . .. l^, Me^cvry, 

Mars, ....-- 3|, 



With a single exception in the cose of the Georgian} Sidus, 
IV hose density is not yet accurately ascertained/ the densities 
uniformly increase according as the habitable world approach^ 
to the centre of light and heat. We should, therefore, have 
expected, from analogy, that the habitable part of the Sun 
would have exceeded Mercury in density ;* because it is nearer 
than that planet to the source of light and heat. This, how¬ 
ever, is far from being the case j the density of the Sun is only 
1 a little greater than the density of water. Here, then, we 
hav e a complete breach in the analogy which we anticipated; 
and it is no objection to this argument, to say, tliat the situ* 
ation of the Sun, in the centre of the system, may exempt it 
from the general law of density; because this is a virtual ad- 
mis«>ion, that analogical reasoning, on which Dr. Hcrschel's 
opinion is founded, cannot be fairly applied in such a case. 

, If the Sun is a habitable globe, we can scarcely avoid draw¬ 
ing the conclusion with Dr. Elliot, that “ it must be by far the 
most blissful habitation in the whole system.” We should ex¬ 
pect, at least, that the solar inhabitants would be rational beings, 
endowed with intelligence equal to that of man, and aviuling 
themselves of their central position, to study ttie interesting phe¬ 
nomena of the various planets which revolve aroilhd them, and 
of the numerous suns which their own globe would seem to re¬ 
semble. If there is one place in the system more than another 
where astronomy could be studied with the greatest facility, and 
carried’to the highest perfection, that place would be in the 
Sun, where, excepting the phenomena arising from its monthly 
■ rotation, the real and apparent motions of the heavenly bodies 
must be exactly the same. But these results of analogy m*e 
•mere illusions of the mind: Nature has drawn an impenetrable 
• curtain between the inhabitants of the Sun and th^ worlds which 
circulate around them; she has doom^ them to the most soli¬ 
tary dwelling in the whole rirde of creation, and has n^ked 
them* as either unfit or unworthy to enjoy the noblest privileges 
of intelHgent beings. The planets and the stars jure equally 
invisible from the surface of this Impinary, unless wh^ a tran- 
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ii^V|g;^|>se of the ileavens is obtifined through an accidental 
caning ii} the sdlar atmosphere. From the year 1676, to the 
year l68i, {here was ttoi a single spot in the Sun’s atmosphere; 
so that, durihg eight successive years, the inhabitants of tliat 
globe, if ^ey do exist, never once obtained a glance of that 
starry firmament, from the contemplation of which a Supreme 
Being could scarcely have excluded any of bis rational creation. 

" To maintain, therefore, that the Sun is peopled by intelli¬ 
gent beings, is to reason in defiance of the strongest analogies, 
and support opinions which posterity will rank among the aber> 
rations of the Jimnad mind. Might wc nut as well suppose, 
tliat the central caverns of our own planet, v hicli cosmpgooists 
have filled wltli fire or with water, are tlie abode of a ratiomil 
population, who, like the inhabitants of the Sun, arc occasion¬ 
ally permitted to obtain a tranbient view of the heavens, throiinli 
the craters of volcanoes, or the chinks and fissures which nuy 
accompany the convulsions of die globe ? 

_ ^ Before concluding our remarks upon the construc- 

Oa tbfe con- . p , „ ® i 

«exion of die tioii of the Sun, we must take notice of another opi- 

mroiwAdig respecting the solar spots, 

productive, which has been less generally received than that 
oeas of the which we have been combating. Imagining that the 
luminous atmosphere of the Sun is the region of 
light and heat, he concluded, that when the ridges, corruga¬ 
tions, and openings in this atmosphere are numerous, the beat 
emitted by the Sun must be proportionally iucrease<l, and that 
this augmcntaVion must be perceptible by its effects upon ve¬ 
getation. He expected, therefore, that in those years when the 
solar spots w'ore most numerous, vegetation would lie most lux¬ 
uriant ; and that this effect might be ascertained from the price 
of wheat, as marking the productiveness of the season. By 
comparing the solar appearances, as ^ven by La, Landc, with 
the table of the price of wheat in Smith’s Wealth of Nation.s, 
he obtained results which, on the whole, appear favourable to 
his hypothecs. We do not readily see upon what principle 
Dr. Herschel tondudes that the existence of spots indicates an 
abundance of luminous fnatter. We should rather have been 
disposed to think, that in proportion to the number and mag¬ 
nitude of t|ie openings,, the light and heat of the Sun would 
have been 4iniinished^ as so much of the Sun’s surfiice is then 
disqualified fm* the discharge of its usual functions. If'there is 
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really an increased luxuriance of veg^lplioa m iImMU 
when the solar openings, &c. are most numeTou% an opMn 
whioh we are much diqmsed to call in question, we conceive 
that the theory which we have already explained fiords a very 
satisfactory explanation of the fact. The heat being supposed 
to be emitted from the dark body of the Sun, it is obvious, that 
when there is any opening in Ins luminous atmosphere, the h^t 
emanating from the internal nucleus must be more copiously 
discharged, in consequence of receiving no obstruction from 
tile luminous clouds; or, if we regard the variations in the 
Sun’s surface as jlroduced by variations irt the heat which rises 
flom the nudeus, we may naturally suppose, that when the 
heat of the Sun is mosT intense, it will produce the greatest 
changes in the luminous atmosphere. 

Dr. Herschel has invented a very ingenious con- 
trivance for moderating the heat and light of the appantus Air 
Sun, when it is examined by means of powerful 
telescopes. (Phil Trans. 1801, p. 302.) He aban¬ 
doned the common method of using dark-coloured glasses, and 
had recourse to fluids. For this purpose, he employed a small 
square trough, having, in two of its opposite sides, well polished 
plates of glass. A small handle on one side of the trou|^, 
and a spout in the other, were made, for the purpose of pouring 
out any portion of the liquid when the rest was to be diluted. 
The trougli was then placed in an excavation in the eye*|Mece 
of the telescope, so that the rays of the Sun might pass through 
the fluid before tliey reached the eye of the observer. By co¬ 
louring the fluid, the light may be softened at pleasure, and 
the heat is completely removed by *the water. Dr. Herschd 
found that ink, diluted with water, and Altered through paper, 
gave a distinct image oi the Sun, as white as snow. By tlus 
mixture, he could observe the Sun in the meridian, vdthout the 
smallest injury to his eye, or to the glasses, even when he used* 
a mirror nine inches in diameter, and when the eye-pieces were 
open, as in night observations. 

As the phenomenon called the Zodiacal Light has On tlieZ^ 
been '^generally supposed to arise from the Sun’s at- bSgh** 
mosphere, we consider this as the proper place for giving an 
aooonnt of the appearance. Though this light seems to have 
been obsmed by Descartes (Prindpia, § 136, 137 ;} and by 
phildr^, about 1659 (BnUmnia Btscomca^ 1661 ;) ye^t it di^ 
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nigice till the year 1693> when it Was ob- 
aniri^ by Ofi^w^ aa^ received its present name. The zodia¬ 
cal ligh^ which is less bright than the adll^ way, is seen at 
ootiun seasons of the year, before the riring, and ailer the 
setting the Sun. It resembles a triangular beam of light, 
rounded a little at the vertex. Its base is turned towards the 
Sun, and its axis is inclined to the horizon, and lies in the 
direction of the zodiac. The vertical angle of this luminous 
cone is sometimes 36% and sometimes 10°; its length, reckoning 
from the Sun, which is its base, is sometimes 45°, and at other 
times 150°. M. Pingre saw one in the torrid zone, which was 
120° long, an^ whose horizontal breadth was from 8° to 30# 
(See Traite Physique et Historique dS L’Aurorc Borcale, pear 
M. de Mairan, 1731, 1754.) The best time for seeing the 
zodiacal light is about the Ist of March, at seven oVlock in the 
evening, when the twilight is ending, and the equinoctial point 
in the horizon. The luminous triangle will then appear to be 
Plate III. directed towarj^s Aldebaran, as in Plate III, Fig. 

33. 33 ^ axis forming an angle of 64° with the hori¬ 

zon; but if it is viewed in the morning,* before sunrise, the 
angle which it makes with the horizon will be only 36\ In 
the year 1781, M. Flduzercs observed it in the month of Ja¬ 
nuary. . On the 21st of March, at half-post seven o’clock, if 
ended beyond the Pleiades, and was 61° long, 101° brootl, and 
8° high. According to M. Foulquier, the zodiacal light is al¬ 
ways seen at Gaudaloupc, unless when the weather is bad. INI. 
Humboldt observed the zodiacal light at Caraccas on 18th Ja¬ 
nuary, after 7** p. m. The point of the pyramid was at die height 
of'53°. The light totally disappeared at 9^ 35' apparent time, 
about S'* 5(y after sunset, without any diminution in the serenity 
of the sky’ On the 15th February it disappeared 2** 60' aflcr 
euhset, and the altitude of the pyramid was 50° on both those 
ocecMOAs; the intensity of die zodiacal light varied in a very 
sennble manner, at intervals of two or three minutes. These 
•-changes took places in the whole pyramid, especially towards 
the interior, far from the c^ges; sometimes the light was very 
funt, and sometimes it exceeded that of the milky way in Sa- 
^tadrius.—(Humboldt's Personal Narraiive^ Vol. IV, p. 95.) 

As this phenomenon uniformly accompanies the Sun, iP has 
been naturally ascribed to an atmosphere round this luminary, 
extending beyond the mbit of Mercury, and sometime^ even 
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beyond that of Veans. The zodiacal light 
a section of this atmosphere, whidi, bemg extveniely . 

poles, cannot be supposed to partake of the Stilly’s monthly, 
motion. M. Laplace has shewn that the Sun's atmosphere qpn- 
not reach even th4 orbit of Mercury, an*d that it could not in 
any case display this particular form. Dr. Thomas Young 
(Lect. on Nat. Phil. vol. i, p. 502) remarks, that the only 
probable manner in which it can be supposed to retain its 
figure, is by means of a revolution much more rapid than the 
Sun's rotatum. Some philosophers have ascribed the pheno¬ 
menon, V ithoiit* any reason, to the refraction of the Earth's 
*atmoapliore. 

Besides the revolution of the Sun round his axis On the die- 


in 25 day.!, and his irregular motion about the centre 
of gravity of the Solar system, he appears to have his ptognt- 
a progressive motion in absolute space. Ashll the 
bodies of the system necessarily partake of this motion, it can 
only be perceptible from a change in the position of the fixed 
stars, to which the system is advancing, or from which it re¬ 
cedes. I'liis change of place, or proper motion in the fixed 
stars, {IS it has been* call^, was first observed by Halley, and 
afterwardsby liC Monnier. ‘ Tobias Mayer, however, advanced 
a step farther than these astronomers. He compared tlie places 
of about 80 stars, as determined by Roemer, with his own d>- 
.sor\’alions, and he found that the greater numbei of them had^i 
proper motion. He was aware that this change of place might 
be explained by a progressive motion of the Sun towards one 
quarter of the heavtos but as the result of his observations 
does not accord w ith this hypothesis, he remarks, that many 


7 Tbndem, quum et qiueri poasit, qu® hujus motus causa sit, hoc unum monere 
visum, ilium cxpUcari non posse per niotum totius nostii systematis solans, etsi nee 
|mposaibile sit Solcin, ut ejusdem cum fixib natur®, instat harum qusnindam, in 
b)istio mundai.o promoveri. Nam si Sol et cum ipso planete omnes nostnupque 
doraicilium terra, recta tenderent versus plagam aliquam univers® flxsB, qu® in ea 
plug* adparent, paullatim a se Invicem discedere, et quB sunt in opposita pixie cceh 
coire viderenihr; non secus ae per silvam ambuland sibons qua ante viaul sunt, 
disjungi videntur, que a teigo, amgredi. Hiduemodi communi 1^ emn |^sti!icti«on 
sint hi fixarum mo^ ut piopins inspeeto abaco patet: Palam est eos turn ea||mer8 
adparentM. aut ab hac Bmilive commum causa onundos, sed Axis pxqprios. Ipsa 
autelb vMt atque genatna horum causa forte per pliua*adbuc ancula ignoiabitar. 
f Mayeri ^pen Inedita, voli U p* 7®*) 
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1^4 N£F QUCOVEfiXES BBSFlSrTlKfi THE SUN. 

<^turies must elapse before the true cause of this motion is ex¬ 
plained. 

The late Dr. Wilson of Glasgow suggested, upon theoretical 
principles, the possibility of a solar motion; and La Lande 
deduced the same opinion from the rotatory motion of the 
Sun: but these conjectures have been almost completely con¬ 
firmed by another species of argument. 

If the Sinn has a motion in alisolute space, directed towards 
any quarter of the heavens, it is obvious that the stars in that 
quarter must appear to recede from each other, while those in 
the opposite region seem gradually approaching. I’be proper 
motion of the stars, therefore, in those opposite regions, as 
ascertained by a comparison of ancient with modern obser\ a- 
tions, ought to correspond witli this hypothesis. 

Dr. llerschel has examined this subject with his usual suc¬ 
cess, and he has certainly discovered the direction in which our 
system is gradually advancing. He found that tlie apparent 
proper motion of about 44) stars out of 56 are very nearly in 
the direction Mihich should result from a motion of the Sun 
towards the constellation Hercules, or, more accurately, to a 
point in the heavens whose right ascension is 250® 52' 30", 
and vhosc north polar distance is 40® 22'. (See Phil. Trans. 
1788, p. 203; and Phil. Tram. 1805.) 

By considering the motion of the satellites round their primary 
planets, and of the primary planets round the Sun, Dr. Her- 
schel supposes that the proper motion of the Sun is not recti¬ 
lineal, but tliat it is ppifurmcd round some distant and un¬ 
known centre. Ju'*t, however, as tlie conception appears to 
be, we cap scarcely al}ow ourselves to think that there is an 
immense central body of sufficient magnitude to carry around 
it all the sj stems with which astronomers have filled the regions 
of space; but we njay suppose, with La Lande, that there is a 
kind of equilibrium among all the systems of the world, and 
-that they have a periodical circulation round their common 
centre of gravity. (Astronomic, par La Lande, tom. iii, p. 
307, § 3283.) 

We shall have occasion to resume this subject when we come 
to trikt of the proper motion of the fixed stars. 
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CHAP. V. 

ON TJI£ NEW DISCOVimiES AND PHENOMENA IN THE MOON. 

• 

mol ions anti the phases of the Moon have ^een Phat** ofthe 
already de^crihed in the first volume of this work. 

^'he projjoi tion between the enlightened and obscure part of 
iu'i disv he found, for any given time, from the table, 
v\hit!» has ])een alrcmly explained, when treating of Uie planet 
\ tnus Jlv subtracting the longitude of the Sun from that of 
the iVIoon, we fibUiin the argument of the table, or the Moon’s 
dist.iiKi fn-m thf' Siin, with which we enter the table, and take 
out, in tlie way aJi eady explained, the proportion between the 
<laik and illuminated parts of her disc. See page 109 of this 
volume. 

If w( ol)'‘er\e the IMoou, in serene weather, when Explanation 

she is about three or fimr days old, the part of her of the pkeno- 
. 11 T 1 11 1 C* ' r ‘ menon califid 

disc which IS not enlightened by the Sun is laniHy tiie old Moon 

lllumliialed by the lii;ht that is reflected from the m the new 
. 1 , -1 !•! 1 ^ Moonsarms. 

kiarth, and the horns of the enlightened part appear 

to project lic'yond the old Moon, as if they were part of a 
sphere eonsider.dily larger in diameter tlian the unenlightened 
part* It was long deemed a sufficient explanation of this ap¬ 
pearance to say, that bright objects affected the retina, to a 
greater distance than those which were less luminous; and that, 
tlierelbie, fis ink sinks upn soft paper, the image of the bright 
])art of the Moon expands on tile retina, and gives it the ap- 
p(*arance of projecting Ixiyond the darker portion of her disc. 
The cxjilanation of Uiis phenomenon, as given by Dr. Jurin,* 
is much more satisfactory. He supposes that tlie eye cannot 
accommodate itself, with sufficient distinctness, to view objects 
at such a distance as the Moon. The pencils of rays, there¬ 
fore, unite before they reach the retina, and will form an in¬ 
distinct and enlarged image of the Moon. It is perfectly de¬ 
monstrable, and may be proved by the simple experiment of 
looking at the figure of the Moon, cut out of white paper, and 


* This phenomenon is vulgarly, though expressively called The Old Moon m 
the Ney Moon's arms.'* 

• Ebiay on Distinct and Indistinct yision, in Smith’s Optics, vol. ii, R«m. p. 113. 
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plfkSiBd up(»i a dack ground, that when this luminous bod^ is 
viewed, either at a distance too remote, or too near, for perfect 
vision, its image Upon the retina will be enlarged, and the illu¬ 
minated part will encroach upon the obscure portion, and ap¬ 
pear to embrace it, in the very same way as it is seen m the 
heavens. Dr. tfurin, however, has taken it for granted, that 
the eye cannot see tlie Moon with perfect distinctness; a posi¬ 
tion which, however probable it may be, does not rest upon the 
evidence of expariinent. 

The illuminated portion of the Moon’s disc, when she is 
three or four days old, obviously receives its light from the 
Earth, whicli, to the lunar inhabitants, will then appear to be 
nearly like a full Moon. As the age ol’ the Moon increases, 
diis secondary light is gradually enfeebled, both in consequence 
of the diminution of tlie luminous part of the Earth, and of 
the increase of the enlightened part of the IMoon. On one oc¬ 
casion, how’e\er, the weather being uncommonly fa\ourable, 
we observed the secondary light when the Moon was nine da}s 
and fourteen hours old. 


. This secondary light of the Moon has been ex- 
of the lucid plained by Hiccioli and I^cslie, upon the siqqiosition 


in the that tlie Moon is iihosphoreseeiit. TJicv conceive, 
old Moon. . -11 .L • 1 

that it IS impossible to account m any other way for 

the extreme brilliancy of her disc;’and the latter of these jihi- 
losophers has exjilained, upon this hypothesis, the thread of 
light, or the lucid bow which seems to connect the two horns 
of the Moon. As wx‘ shall give a \ery different explanation of 
this curious [ihenomenon, it may be jiropcr to state Mr Leslie’s 
theory in his own words. “ After emer^ng I'rom conjunction 
with the Sun, her sharp horns are seen connected by a silver 
tlircad, or lucid bow, which completes the circle; and a Very 
faint light seems to be suffused over the included space. This 
bright arch, however, becomes alw'uys lcss\iiid; and before 
the Moon is five or six days old, it has almfist totally vanished. 
Trhe'ipftle outline of the old Moon is commuiii^ aseiibcd to the 
reflection, or secondary illumination from die Earth But if 
it were derived from that source, it would appear densest near 
the centre, and gradually more dilute towards tlie edge. I ra¬ 
ther sliould refer it to the spontaneous light which tiic Moon 
may continue to emit for some time after the phosphorescent 
substance has been excited by the action of the solar heoius. 
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The lunar disc is visible, although completely covered by die 
shadow of the Earth; nor can this fact be explained by tW in¬ 
flection of the Sun’sjrays in passing through our atmosphere; 
for why does the rim appear so brilliant ? Any such inflection 
could only produce a diffuse light, obscurely tinging the boun¬ 
daries of the lunar orb; and, in this case, tlie Earth«prpsenting 
its dark side to the Moon, would have no power to heighten 
the effect by reflection. Hut even when this reflection is great¬ 
est about the time of conjunction, its influence seems iKtiemcly 
feeWe. I’he lucid bounding arc is occasioned by the narniw 
lunulaf which, having recently felt the solar impression, still 
continues t^i shine, and, from its extreme obliquity, glows with 
concentrated cftect.”^ 

The phenomenon described in the preceding passage is re- 
]irescnted in Elate II, Sup. Fig. 9, where a diluted p^ite II. 
light .ippe.irs to be shed over the ob'-cure portion of Suji.Fig.9. 
the Moon’s disc, while a lucid l)ow, more hiiglit than the rest 
of the obscure part, seems to join the lunar horns. When we 
cvamine tins luminous horn in the licaveiis, the low'er part of it 
cit is always much broader than the upper part at 6; and 
w lu n the Moon has considerable libration, so as to withdraw 
from the Earth a portion of tlic eastern limb, tlio how ceases 
to he continuous, and the part at b is no longer visible. These 
two appearances, which 1 have often observed, arc suflicient to 
OA i*rthrow the explanation which has been already given; for, 
upon that hypothesis, the lucid bow ought to have been broad¬ 
est in the centre, diminishing towards the horns, exactly like 
the enlightened jiart of the Moon’s disc. We arc fortunately, 
however, not coiiflncd to arguments* of this kind, satisfactory 
though they he. The true explanation of the phenomenon is 
so simple and convincing, that it is scarcely possible not^to give 
it an implicit reception. If wc look at the large map of the 
Moon, given in this work, or any other map which exhibits 
even a tolerable representation of the lunar surface, we shall 
find that the eastern limb of the Moon is separated fTOm the 
central parts of her disc by darker re^ons, and that the lumi¬ 
nous portion comprehended between these darker regions, and^ 
the circular line which bounds her eastern limb, has actually 
the form of a bow, which is broadest towards her sout|iern 

^ In^iry into the Xfttuie and Fropygatum of Heat, p. 453, and Note NLIII, 
p. 557. 
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limb, and gradually diminishes in bi^eadth towards her northorn 
horn. The immediate cause, therefore, of the lucid bow, is to 
be sought for in the accidental circun\|tance of the Moon’s 
eastern limb being more luminous than the adjacent regions to- 
wm'ds the centre. The central parts of tlie Moon, indeed, are 
equally luminous with her eastern limb; but their brilhancv k 
impaired by their proximity to the itiinninatcd portion. It is 
obvious, that this explanation of tlie jiberiomcnon niav lie 
equally just, whether the secondary light of the Moon is caused 
by phospborence, or by reflection from the I'yartli. Hence vm 
see the reason why the bow is broadest at a, and narrowest at 
b, and why the libration of the Moon withdrawing the narrow 
part b of the bow, destroys its continuitv. Tins will he c.isily 
understood, by inspecting Plate II, Sii 2 ). Fig. 9, and coinpaung 
it with the-Iarge map of the IMoon. 

When we look at the surface of the IMoon with a 
good telescope, wc find that its ajipcarance is won¬ 
derfully diversified Besides the large dark sjiot-, 
w hich arc visible to the naked eye, wc pcrci’U c t \- 
tensive valley*, and long ridges of highly elevated mountain^, 
projecting their shadows on the plains below. Single mouiitcniis 
occasionally rise to a great height, while hollows, more than 
three miles deeji, and almost exactly circular, are excavated in 
the plains. The margin of these circular cavities, is often ele¬ 
vated a little above the general level, and a high cinincnco uses 
in the centre of the cavity. When the Moon appi caches to licr 
opposition with the Sun, the elevations and depressions upon 
her surface in a great measure disapjicar, while her disc is 
marked with a number of hi illiant points, and permanent ra¬ 
diations. 

Maps o# the These vaiioirs appearances have been accurately 
Moon. represented in maps of the Moon’s surface. This was 
first attempted, but in a very rude manner, by Riccioli. Heve- 
lius, in his Selenography, afterwards gave more just delinca- 
' lions of the lunar disc, during the whole of her progress round 
the Earth. A map of the Moon, as she appears when full, 
was drawn by Cassini, and has been copied, though extremely 
incorrect, into most of our modern treatises on astronomy. Ex¬ 
cellent drawings of the Moon were made by Mr. Russel; but 
the most accurate and complete that have yet been published, 
are those of the celebrated Schroeter, who lias given highly 
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magnified views of most parts of tlie Moon's surface. The large 
engraving of the Mixin, which accompanies this wdlic, Wasdraam 
w itli great c*arc by the editor, and appears to be a tolerably oor-» 
j\et lemublanee of the lunar surface. 

tiu' attention of astronomers has been much directed to 
the nature and construe tion of this luminary; and as an acour 
rate iic(jii;nnl.iuce with thtf s|X)ts is necessary in finding the lon¬ 
gitude iiiiin lunar eclipses, we shall give very extenave tables of 
tile iunK“> and positions of t,be spots of the Moon. 

Tlie first t.ihte is fonned from the observations of ExpUnadott 
Lambert, and contains the longitude and latitude of oftliefoUo^- 
‘207 s]iots, with the iiamc.s given them by lliccioli ^'«W*** 
and lU\elius. 

' Ihc obser\ations in the second table were made by the Cele¬ 
brated 'J\)l>ias er. The positions of the spots, marked in 
italics, were aseert.iined by a great number of observations, and 
vere the leading ])oints from^which the rest were obtained. 
Ail the Bpots given m this table arc contained in the preceding 
one; but the obser%ations of Mayer are much more accurate 
than those used by laijnbert; and tlig reason will be readily 
si.en why we ha\e nut struck these spots out qf the first table. 

The third table eontaans the names which have been recently 
gn cii by Scliroeter to the spots wliich Were formerly anonymous. 
Tlie jiositiojis of these spots we have determined in a rough 
iniiniier, by eom[)aiing tlie spots of the Moon, as given by thifi 
asticmonier, with the map and tabic cbnstructed byt Tobias 
]\raycr. 

The notes at llv' fixit of each table contain general renliarks 
on the nature anil appearance of the different spots. The letter 
K, afiixed tq the luiigitpdo of the spots, denotes tliat they axe 
to be found on the eastern side of the Itlooifs disc^ on the left 
,hand of the meridian which passes through the Moon^s cem. 
Irc; while the letter W signifies that they are placed on tho 
west( rn side of that line. The letter N, a^xed to the latitudes* 
signifies that tlie spots arc in the Moon's northern hemisphere jr 
and the letter S, thgt d)(^y are plaped pn the south of tjbe 
cipiator, . ' 
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TamubI. Confaininff tlie IjyngUudca and laiitudes of 307 Lunar 
JSfpotSf with Remarks on their Position, Appearance, and Struc¬ 
ture, 


Names of the Spots ac. 
cording to Ricciolus. 

Names of the Spots according to 
HevdufH. 

Longi¬ 

tude. 

Lati. 

tude. 

Platarchun* 

Mons Alaunus 

75 w. 

26 N. 

Seieca*' 

Mons Alaunus 

72 w. 

28 N. 

Zoroaster 

Palus Amadoca 

72 w. 

58 N. 

Berosus 

Pars M. Amadoci ' 

70 w. 

32 N. 

Mercurius 

Lacus hyperboreus inferior 

6‘7 w. 

40 N. 

Oi^jMides 

ad. Lac. hyperb. inferior 

67.W. 

44 N. 

Finmeus 

Paludes amarae 

66 w. 

7 N. 

Fetavius* 

Pars M. N«‘osi 

64 w. 

21> s. 

Vendelinusk 

Petra Sogdiana 

Insula major 

63 w. 

AJriS 

Langrenus* 

62 W. 


Ftonerias' 

Pars M. Paropamisl 

60 w. 


HeroCies 

M. Bodinus. 

60 w. 

40 N. 

Endjmion 

Lacus hyperboreus superior 

60 w. 

53 N. 

MeiHMiila* 

Pars montium Kiphaeorum 

57 w. 

34 N. 

Stevinus 

Pars Caucasi inferiuris 

57 w. 

28 s. 

Genunusk 

Pars M. Riphaeorum 

.5.5 w. 

20 Tf. 

Cleomedes* 

Pars M. Riphaeorum 

55 w. 

26 N. 

Snellius 

Pars M. Paropamisi 

54 w. 

54 8. 

Fabricius 

Pars M. Coibacarani 

3ii w. 

52 s. 

Mulerius 

Pars M. Coibacarani 

4fl w. 

46 s. 

Cepheua * 

Rheita 

Pars M. Coibacarani 

4.0 w. 
48 w. 

3.0 N. 
41 s. 

Atlas I 

Pars M. Macrocemnii 

48 w. 

47 N. 

Froclus ■? 

M. Corax 

48 w. 

16 N. 




GENERAL REMARKS. 


% AOBDlar, vith a ridge traveming ita lOuthctn portion, in a north-eaat direction. 
An annular spot on its eastern margin. 

* ^ Atvulac, with a r^lar and an irregular carity in its eastern mai^in. 

* Auiulal', with htrge central mountain. 

^ Irregular, opfen at N. margin, cavity at S. margin, mountain at N. margin. 

* Annular, with central mountain, j^markable appearance beyond its S. S. W.‘ 

maegin. 

^ Annular, with cavity north of the centre, and spot south of the centre. 

* Ainnular, with a btw in its western margin, and an annular spot on its south¬ 
west margin. 

* Annuls «ith rocks, and a br^t radiating spot beyond its E. margin. 

* A large imihu spot, eontaioing three central rocks, with two contiguous an- 
mlar sgoU its ninth-eastem, one on its north-western, and^ two on its western 
BHiigia. R cks south-east of it. 

k Soathr.landnorihem CepheuB, both annular. ^ 

* Annular, with central mountain. ” Small apqwjar spot. / 








TABLEkS of the lunab spots. 


Names of the Spots ac¬ 
cording to Hicciolus. 


Taruntius 

Thales 

Santhack 

Oocleniua 

Mdcrobius" 

Hercules® 

Mutus 

Democritus 

Metiub" 

Pitiscus . 

Man/iims 

Faicteinon * 

Alcuiiius*' 

lleiKi- 

Sl.irtianus (’ajiclla 

I la/iecius 

Nc.ukIit 

I '.idorus 

Censor in 115 

I'raeastoriusi’ 

IVisMilonius*) 

Dionysius Fxi^uus 

Sclionibergor 

Vitniiiusr 

IMccoloniineus 

Stiborius 

llomelius 

'I'anneriis 

Tiieophilus' 

Plinius* 

Cyrillus'* 

S. (’.itliarina * 

Meton 
Hiccius 
Hypatia 
Rabbi Levi 
Simpelius 

Liiil fratres 


Names of the Spotq according to 
Hevcliiis. 


Sinus Phasianus 

M. Tancon 
Pars M. Caucasi 
Moiis (’numerius 
Pars M. Macrocemnii 
Dcscrlum Mingui 
M. Bontas 

Pars. M. Coibacarant 

M. Dalanguer 

Dcsertum Mingui 

Pars montium Sarmaticorum 

M. Hercules 

M. Hercules 

M. f’fincasug 

M. Dalanguer 

I’ars niontiinn Sogdianoruin 

M. Strobilus 

I'ars M. Ilcrculis 

iaifus Thospitis 

Insula Macra 

M, Herculis 

Deseitimi Mingui 

Appollonia major 

Parb uioiitium Sogdianorum 

Pars montium Sogdianorum 

M. Dalanguer 

Pars M. Moschi 
Proinontorium Archerusia 
Pars M. Moschi 
Pars M. Moschi 
Pars moiit Sarmaticorum 
Pars inont. Uxiorum 
M. Lipulus 
Pars mont. Uxiorum 


Long!- Lati¬ 
tude. tilde. 


4 N. 

62 N. 

19 8. 

12 S. 
22 N. 
48 N. 
64 s. 

61 N. 

43 i, 
53 8. 


83 N. 
8 s. 
2 8 . 
8 s. 
.54 s. 
33 s. 
8 s. 
0 

22 5. 
31 N. 

3 8. 

77 s. 

19 N. 
31 s. 
39 s. 
50 s. 
65 s. 

12 S. 
18 N. 

13 s. 
18 s. 
79 N. 


33 w. 
32 w. 
.32 w. 
32 w. 
31 w. 
31 w. 
30 w. 
30 w. 
29 w. 
29 w. 
28 w. 
27 w. 
26 w. 

25 w. 
24 w. 
24 w. 
24 ir. 
22 w. 
22 w. 
20 w. 
20 w. 



" Annular, wth central spot, and cavity on east margin. 

® Annular, with central mountain. 

r I.arge hollow, witli cavities soutli of it, and rommunicaling with M ^ectarii. 
5 AnntHar, containing an annular spot near its south margin, and one 1 ** its west 
and north margin, with several rocks. ' 

' Shallow annuliir spot, with a low central mountain, and numerous rod**^ to the 
north of * t. ' Annular, with large central mountain. ^ 

^ Annuhr, with two central inountams. ® Irregularly hollow. 

* Irrcguiatly hollow, communicating with Cyrillus on the north. 


\OL. 11. • 
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))amH of tho Spots ac« Names of the Spots according to LongU 

I cording to Ricciolus. llevelius. tade. 


Mens Moschua 

19 w. 

u 

Palus Archerusia 

19 w. 

9 N 

Pars mont. Uxiorum 

19 w. 

.'ly s. 

M. Lipulus 

18 w. 

7 S. 


18w. 

,7 V. 

I’ars M. Horminii 

17W. 

3 Ji. 

M. Autitaurus 

17w. 

y.7 !>. 

M. Tmolus 

17w. 

3 s. 

M. C*alchastan 

lOw. 

48 s. 

M. Calchastan 

l.'i w. 

4.'1 s. 

M. Antitiiiirus 

1.1 w. 

11 b. 

M. Horminiiis 

IJiM. 

0 N. 

l*alu>. Archerusia 

1 .»n. 

11 N. 

Byzantium 

1.7 tv. 

16' N. 

M. Armcniac 

1.» M . 

29 <5. 

M. Serrorum 

1.7 w. 

,70 N. 

M. Carpathes 

1.7 w. 

41- N. 

M. Armeniae 

11 w. 

.'11 s. 

M. Autitaurus 

14w. 

11 S. 

Desertum Mingui 

14 w. 

76 s. 

Antitaiirus 

l.'Jtv. 

yi s. 

Antitiiirus 

12m. 

23 s. 

M. Tccliisandam 

12 w. 

6i h. 

M.Ida ^ 

11 u. 

7 N. 


lOw. 

19 N. 

Scopuli Jiyperborci 

10 w. 

c7l N. 

M. Calchistan 

It) w. 

.70 s. 

M. Haemus 

»)'«• 

89 N. 

Insula Bcsbicub 

9 M'. 

1 t N. 


9w. 

21 s. 

Pars Antilibaui 

8 TV. 

29 h. 

M. Calchistan 

7w. 

17 f>. 

M. Taurus , 

6 w. 

i(> s. 


() w. 

3<) N. 

M. Olympus 

6m. 

6 s. 

Pars Apeimini 

a w. 

25 N. 


5 w. 



Tatius 
.Sosigenes 
I /igutus 
Aifraganus 
' Ariaclneus 
]')ionysiuS Areopagita^ 
Sacrobosco 
'J’beon junior 
Barocius 
'^laurolycus 
Almaeon 
Theon senior 
Julius Ca'sar 
Menelaus* 

{*ontanu8 
j Aristoteles * 

I f udoxush 
(^omma Frisiui 
' Mnilfeda 
' M.ilapertius 
I vJober 

I \/aphi 

[ V iirtius* 

I ' V rlppad 

I '".Ipitius Callus 
.'I’liitas 

) ICftilS 

, < lippus* 
i Mniilius* 

. ‘''pji Ezra 
VfM nus 
■'t n'flor 

J i riwu tdls 
1 |j]»p.‘n {hns 
j Ar.itiis 
1 /• j'mis’' 


I «. Viii ilir. 

'' Annu’ ir, ^ith central mountain, a high rock on its S. K. and two annular 
J p *0 oil its S. W. It is very lummous from its S. W. to its N. E. i 

j I arge and annular, with high rock on its south margin, an annular spot on 

'fa t (‘M, and rocks on its south-east 

' ‘ .arge and annular, with high rocks to the east of it * 

1 nnujar, with rock on its N. E. margin. 

« nvlir, with central rock, and ridges from its N. and S. margin. 

• \' nular, with central rock. - 

* }. jc unniilar spot, with high margin, and central rock. C 

<■ J' .nolar, with central spdt Small annular spot ' 
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taSles of the lunar spots. 


ltK> 


Names of the Spots ac¬ 
cording to Bicciolus. 

Names of the Spots according to 
Hevelius. 

Longi¬ 

tude. 

Alliacensis 

Pars Antilibani 

5 w. 

'Albategnius 

M. Didymus 

5 w. 

FerntSius* 

Aiititaurus 

4 w. 

Werner^ 

Pars Antilibani 

3 w. 

Cysatus 

M. Techisandam 

2 w. 

Blanchinus' 

Antilibanus 

2 w. 

Autolycus™ 

M. Montuniates 

2 w. 

Aristillus" 

M. Ligustinus 

2w. 

Timaeus*’ 

Lacus niger minor 

2w. 

Conon** 

M. Apenniiius 

0 

Epigenes 

Pars iiiont. hyperboreorum 

0 

C^ubeiis 

Desertum Mingui 

0 

Walther 

M. U’abor 

0 ■ 

Orontius’' 

M. Herrnon' 

1 E. 

Regiom ontaniis 

Pars M. Libani 

2 E. 

JHoiomaeus 

M. Sipylus 

2 E. 

Arzachcl'’ \ See Tab. 

M. Cragus 

3 E. 

Alphonsus J II. 
rurbaebius* 

M. Masieythus 

4e. 

Pars Libani ■ 


Maginus 

Archimedes” 

'Thebit 

M. Seir 

M. Argentarius 

* 


Alpetragiiis 

Promont. Aenarium 

7e. 

Moretus 

Desertum Mingui 

9e. 

Dantes 

Tycho 

1 M. Sinai 

10 E. 
IOe. 

Sasserides* 

M. Abarim 

IOe. 

Frofatius 

Ins. Rhodus 

IOe. 

Plato y 

Lacus niger major 

IOe. 

Gauricus 

M. Tabor 

He. 

Pilatus 

Marc mortuum 

12 E. 


32 s. 

13 s. 
37 s. 
30 s. 
65 a. 
28 a. 
28 N. 
84 N.* 
55 N. 
20 N. 
70 N. 
90 s. 
36 s. 

42 8. 
32 s. 
10 s. 

20 s. 
15 s. 

27 8. 
52 s. 

28 N. 
23 s. 
18 s. 
70 8 . 

2 N. 

43 8. 
36 B. 

XUS. luumus xw r.. I 23 s. 

Lacus nigur major 10 E. 52 N. 

M. Tabor He. 33 s. 

Marc mortuum 12 e. 29 s. 


‘ Annular, with iiinall central rock. 

^ Large and regularly circular spot, with central mountain. 

’ Irrc*gulaT spot, rugged on the west, and connected with a -ihallow one, covered 
on the east with many small annular spots. 

Large and deep annular spot, with central spot. „ 

, Deep and annular, with central rock. ® Annular. 

>’ Deep annular spot in the Apennines. 

- '» Two annular spots, encroaching upon each other. The deepest has tliree ceu- 

/■tral rocks. 

Annular spot, containing two small rocks, and an annular spot on its west 
* margin. . 

• Heautiful spot, with very irregular margpo, two central cavities, and a centrid 
mountain. 

' Annular spot, containing three rocks, with an annular spot on its north mar¬ 
gin, and,^other on its south-east margin. 

" Largt and deep annular spot, wi& high margin, and high rocks south of it. 

^ Irregular, ctmsisting of nummus cavities. 

3 ' I large atinulor spot, high and rugged on its west margin, with a cavity a little 
north of it,* and smother a little to the west 
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Names of the Spots ac¬ 
cording to Ricddua. 


Names of the Spots according to Longi- LaU- 

Hev^os. tude. tude. 


Eratosthenes* 

Timocharis* 

Stadius 

Dominicus Maria 
Munosius*' 

Clavius See Tab. II. 

Rheticus 

Anaxagoras* 

Pytheas 

Copernicus* 

Junctinus 

Molerius 

Fhilolaus 

Guilhelmus Massiae 

Bullialdus' See Tab. Il.i 

Longomantanus* 

Rheinhold 

Blancanus 

Rothmann 

Cychus** 

Campanus' 

Capuanus 

Landsberg*' 

Helicon 
Hortensius ‘ 

Milichius 

Schciner” 

Origanus 

Morinus 

Cusanus 


Ins. Vulcania 
Ins- Corsica 
In Lacu Hercules 
In Lacu Hercules 
Ins. Carpa 
Desertum Hevila 
Pars Lacus Hercnlei 
Pars mont. hyperbor. 
Ins. Sardinia 
M. Aitna 

Insula Zachintus 

M. Horeb 
Insula Creta 
M. Anna 
M. Neptunius 
Desertum Raphidim 
Mous Proplietaruni 
Ins. Did 5 ’'raae 
Ins. Lctoa 
Regio Cafsiotis 
Ins. Maltha 
Ins. Erroris 


Desertum Raphidim 
M. Athos 

Fretum Sirbonicura 


12 E. 

13 E. 

13 E. 

14 E. 

1. 'i E. 

1 6 E. 
1(} E. 

17 E. 

19 E. 

19 E. 

19 E. 

20 E. 
20 E. 

20 E. 

21 E. 

22 E. 

23 E. 

2. ^) E. 
25 E. 
25 E. 

27 E. 
2H E. 

28 E. 
28 E. 


14 N. 

27 N. 
c 4 N. 
7 N. 
24 s. 
6'0 s. 

5 N. 
78 N. 
21 N. 

9 N. 

6 s. 
2 s. 

72 N. 
44 s. 
21 s. 
ol s. 




41 N. 
6 N. 
8 N. 

60 s. 
f) s. 
16 .s. 
13 N. 


* Annular, with irregular central mountains, large and curious rocks on its west 
and east margin, and luminous ridges to the north of it. 

■ Annular, with central spot, and two luminous radiations from its south margin. 

Remarkable annular spot, with three large and three small marginal cavities, 
two large central cavities, and two small ones. 

® Large and annular, with a high margin on its west side, 
t * Annular, with a central mountain, and broad margin, very luminous all round, 
with numerous rocks and mountains scattered on the N.K. of it. Annular spot. 

^ Annular, with high central mountain, and three deep cavities south of it. | 
' s Annular spot, with a large rock on its north margin, and several on its south¬ 
west margin. Numerous radiations seem to issue from this spot. 

^ Annular cavity, with small spot on its cast margin. 'J'here is an annular spot 
to the south of it, a small deep cavity in high ground to the north of it, and two 
cavities on the margin of a half-formed spot to die west of it. 

* Annular, ,with central rock. 

^ Annular spot, with a central mountain. Two radiations extend from it to 
Rlieinhold. 

‘ Annular, with a luminous radiation passing south of it, and another opening 
ftom its west margin. 

Annular, with central cavity, marginal cavities, and cavities without its margin. 
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Names of tlie Spots ac¬ 
cording to llicdolus. 

Names of the Spots according to 
Hcvehus 

1 ongi- 
tude. 

Longi¬ 

tude. 

Anaximander 


33 E. 

72 N. 

Casatus" 


55 E. 

73 8 . 

Hanarelius 


36 E. 

44 R. 

Ilengunius 


36 n. 

16 8 

Bayer 


37 fc. 

50 s. 

Bessaiioii 


38 E. 

16 N. 

Her iclides* 


35 E. 

41 N. 

Kepkr 

Luca Pdludosa 

38 E. 

7 N. 

G ibscndusi 

M Cataractea 

39 E. 

19 S. 

Derienncs 

Ins. Lod 

40 L. 

13 b. 

Ecphanlus 


42 B. 

35 N. 

Schiller 

Lac us Mendtiinalis 

41) E. 

58 s. 

Ai 1st irthus 

RI. Porpliyntes 

48 E. 

24 N. 

Bettinusi 

Rl HcijAloii 

49 B. 

64 s. 

Harpalus ' 


49 E. 

57 N. 

Kucher* 

Vallis Hajalon j 

49 E. 

68 s. 

Mtrscmus* 


50 E. 

24 s. 

/itpus 

M Ajax 

50 E. 

20 8. 

Billy 


50 E. 

13 s. 

Christmann 


51 F. 

43 8, 

k ontana 

M Sacer 

51 L. 

16 8 . 

lleiner ” 


52 E. 

9 N. 

Linncinann 

Rl. Thambes 

5b F. 

0 

/ucthius * 


56 E. 

63 s. 

Pliotylides 

M Tadnos 

58 i . 

51 8 . 

(rallltCUS 

M Audus 

5b E. 

9 N- 

Maiiu^' 

Pfii s niontis Germanicani 

58 F. 

12 N. 

Vieta 

Ad montem Casium 

61 L 

29 S. 

Stleucus' 

Rl Pcntadactylus 

62 E. 

22 N. 

Siraalis 


62 E. 

14 8 . 

Byigius 


64 E. 

27 S. 

Eustachius 


65 E 

12 i. 

( mger 

I'ontes amari 

66 E. 

17 s. 

C avalenus 

M Pherme 

66 E. 

3 N. 

Hcttlius 


67 E 

1 8 . 

Scljihaid 

M Tioicus. 

68 E 

49 8 . 


n » lun^cnitf, nitb centra] mountains, and three luminouM ridges beyond its 
east margin. ^ High projecting pioinontoij, witli high rock. 

p Annular, with numerous rocks south of Us centre, and two annular spots on 
Us north margin It has a triple rock on its centre, and high inegular ground and 
ridges on Us west and cast margin s Annular cavity, with central rock. 

' Deep and mnular c iMty. ' Annular cavity. 

* Annuhi cavity, contoming a large annular spot It has a small canty on its 
soutli marg n, two annular spots north-west of it, and four south-west of it. 

" Deep and annulai. Itidges south of it, and numerous rocks to the north. 

■ Annular cavity, with rcntral rock. 

* 1> 'ep and annular, with a half-tormcd annular spot on its south-east, ndges 
south ot It, and high ground north of it 

* Shallow and annular, with central spot Two lummoos ndges pats from it to 
Cardanus, one of them touching the western margin of Seleucus. 






TABLES OF THliLUNAIt SPOTS. 


CH. y. 


m 


Names of the Spots ac¬ 
cording to Ricaolus. 

> 

Names of the Spots according to 
Ileveliiis. 

Longi¬ 

tude. 

Lati¬ 

tude. 

Grimaldus 

Pytlwgoras* 

Anaximenes 

Eichstadiiis 

Cardanus '' 

Oenopides 

Kicciolui> 

Rocca 

Bartolus 

CleoBtratus 

Xenophanes 

Pains Marasotis 

Ad Sinum hyperboreum 

Mons Acabe 

Sta|?num Miris 

• 

fiS E. 
6 ,Q e. 

69 E. 

70 E. 

70 E. 

71 n. 

72 E. 

75 1 .. 

82 L. 
88 E. 

.90 E. 

5 s. 
63 N. 

31 N. 
22 s. 
16 N. 
55 N. 

3 H. 

]] s. 

67 S. 
59 N- 

52 N. 

* Large annular spot, with annulai cavity. 

** Deeply annular, with small annular spoU snutli-cnst of it. 

TjbleII. Cmtaintng the Lmtifitude and Lailtvdc of Lunar 
Spots, as determaud hj Tuhias Maytr 

Names of the Spots ac- 
cordmg to Kicciolus. 

Names of the Spots actotchng to 
ilevclius. 

T^ongitudc. 

I.atitude. 


Senecao 

Mons ALaunus 

77 

2(i Y. 

25 29 

Mercurim Jahm^ 


70 

20 w. 

j J 2 N . 

Mercurius 

Lacus hjperboreus inferior 

b5 

27 w. 

i5 21 N. 

Langrefius 

Insula major 

02 

30 M. 

7 .11 s. 

Vendelinus 

1 

()2 

n Y 

10’ 40' s. 

Furnerius*' 

Pars mentis Paropamisi 

.38 

10 M. 

15 81 s. 

Cleomedes** 

Pars montiinn Riphaeorum 

57 

50 Y. 

27 18 N. 

Petavius' 

Petra Sogdiana 

*7 

W Y. 

I") 17 s. 

Stevinus ^ 

Pars mentis Paropamisi 

56 

21 Y. 

29 20’ s. 

iftndymiou 

Lacus hyperboreus superior 

5 a 

12 Y. 

il 10 

SnelliusB 

M. Pai'oparoisus 

53 

d5 w. 

J8 81 s. 

Taruntius 

Sinus Phasianus 

17 

10 Y. 

4 50 N. 

Atlas'* 

Pars M. M. Macrocemnionim 

J7 


17 II N. 

Prochis 

M. Corax 

lO 

59 y- 

15 IS N 

Guclenius 

M. Caucasus 

i5 

35 W. 

9 20 s. 

Hercules** 

Pars M. M. Macrocemniorum 

dl 

I'l w. 

48 58 1 , 

Cautorinus 

Pars M. Hercules 

32 

45 W. 

0 0 s' 

! 


■ Annular, with cavity on its east margin. 

* liargc and insularly annular, with a pointed southern margin, two large cen¬ 
tral rucks, and two smaller ones; Ae two largest sometimeN appear as one iidge, 
joining the western margin. ^ Singular appearance on its north margin. 

** Annular, witli thi^ central rocks. 

® Long and deep chasm on its west margin; rocks north of it; annular spot, 
with central mountain north-east of it. 

' Annular, with large and sniajl annular spot on its north-cast margin. 

« Annular, with ccntuil lock, and numerous annular spots cast of it. 

‘ Annular, with cmtral mountain 
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* Lai|:;c hollow, with cavities soutli ot U. 

Iktwcen ’Muielaus and Pliny, htretchint; south. A strans;!. ndge of rough 
and lumiuuus ground. * ** * Annular, witli two central mouiiuins 

*" litgh roiJvs, .md a high annular mountain between Colippus and Thuitetus 
" With central luuuntaiii, .ind high lock on its ‘loutli-east. 

“ Annular, with ecntral roik. > Cmty m Uit soujth margin. 

1 Witli central mnunUin. ' Annular, with small central rock. 

* Deep and .tnnular, with central rock. • 

* liUrge and deep, witli ecntral spot. " Irregular, with central rock. 

* Annular, and eonlaimng two small rocks. 

y Annulai, and containing three small rocks. 

' Large and deep, with lugh margin. 

* l.argc spot, with irregular margin of different heights. 

** Chasms and pits on its margin; chasms north ot it. 

' Deep cavity, with ceitrd loek south-east of u Alphonsus is irregular, wiUi 
a central rock. 





















TABLES OF THE LUHAR SPOTS. 


CH. T. 


Xamei of the Spob ao Ifames of the Spots accoiding to _ , - t • » 

cording to Biooolus. HeveKus. Longitude. Latitude. 


5 4<9 E. 
9 12 E. 
10 43 E. 
12 1 E. 

12 3 E. 


14 

52 

E. 

15 

43 

E. 

16 

5 

E. 

16 

49 

E. 

17 

40 

E. 

19 

56 

E. 

20 

0 

E. 

20 

SO 

E. 


Alpetragius 

Plato* 

Tycho 

Eratosthenes 
Timocharis 
Pitatus • 

Stadias 
Claviiis f 

Dominicus Maria 
Pyiheas 2 
Landsbergius s 
Bheticas 
Copernicus s 
Longomantanus » 
Pytheas 1 ' 
Gulielmus Hass. 

' Landg. 

BuUialdus^ 

Blancanus 

Reinhuld 

HeracUdesfalsus > 

Scheinerus 

Heraclides i<erus”' 

Kepler 

Gassendus'^ 

Harpalus <* 

Aristarchus 

Merrsenius 

Marius 

Schickhardus 

Galilseus 

Phocilides 

Pythagoras’i 


* NeMon^ contiguous to its south margin, appears to be the remains of a large 

annular spot, like Plato. The high mountain Pico Is one of tlie remains ot'Hs 
margin. . 

* Ilalf'fonned annular spot, mth central rock, several marginal cavities, and a 
cavity communicating with it on the north-east. 

' The south marginal spot of Clavius has a central mountain in if, and there is a 
high mountain on its north margin. 

'' a Annular, with central mountain. ** Numerous radiations from it. 

' Remarkable ridges and streaks to the of Pytlieas. 

^ A long ridge runs from its south margin, across one of the small cavities south 
of it, to the half-formed spot west of Cichus. 

' High promontory, rising from the plain of the Sinus Iridum. 

^ High and irregular promontory, with ridges on its south-east. 

■' Trijtle rock in its centre. * Deep and annular cavity. / 

H Deep cavity, with high rocks, and two cavities E. of it, and a radiation open¬ 
ing from its S. E. margin. It is the most luminous part of tlic full Moon. 

a Annular, wid) annular cavity. 


Promont. iEnarium 
Lacus niger major 
M. Sinai 
Insula Vulcania 
Insula Corsica 
Mare mortuum 
Pars lacus Herculei 
Desertum Hevila 
Pars Lacus Herculei 

Insula Malta 
Pars Lacus Herculei 
M. iEtna 
M. Annae 
Insula Sardinia 
M. Horeb 

Insula Creta 
Desertum Raphidim 
M. Neptunus 

‘Pars vallis Hajalon 

Sinus Syrticus 
Loca paludosa 
M. Cataractes 
Insula Sinus hyperb. 

M. Porphyrites 
• M. Ajax 
M. Germanicianus 
M. Troicus 
M. Audus 
M. Tadnos 

Ad sinum hyperboreum 


M 

7 F. 

47 

2 K 

48 

49 E 


5.'J 43 E 
38 36* E 
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Names of the Spots ac« 
cording to Iticdolas. 

Names of the Spots according to 
Hevehtu. 

Longitude. 

Latitude. 

Seleiicus' 

M. Pentadactylus 



Gnmaldm* 

Palus Maraeotis 

67 so E. 

5 5 s. 

Gajfdleiiusi 

Pars M. Pherrae 

67 39 E. 

5 43 M. 

He\ elius" 

Pars M. Phermc 

6'8 13 E 


Ktcciolus* 

Stagnmn Vliris 


2 43 6. 


* Shallow ind angular, with central rork. 

■ ] ire gularly annular, with broken margin. 

' Annular, and in contact with llevchus. 

" ItinieikablL spot, containing a central body like an egg, broken at its N. end, 
and a small cavity Biokcn rocks K. of it, and a singular appearance W. of it. 

* irrcgularl) annular, with an i identcd biokcn margin to the south, dark spots 
west ol It, and a darlc spot witlim it. 


T4BI c III. 'fahh of the Names ichkh have been given to the ano~ 
nfjmous Lunar Slants htj M. Schwttir, rcith then Positions, as 
ditiinihud In) thi Edito),Jrom a tompatison of Sthroeter\ Plates 
icith Matjo’s Eu)*raving of the Moon, and Ms Table of the 
Lima) Spots. 


Names of tlu Spots. 

liOngitude. 

Latitude. 

General Situation. 

De La C .iille* 

O’* 1 Vw. 

Jl* 0 s. 

West of Piirbathius 

Mont Blanc 

0 20 w. 

1() N. 

Between ( .issini and Newton 

Hiijaien 1 

0 jO w. 

22 20 N. 

South of Arehmiedch 

Blaiichinus ■* 

1 JO w. 

22 55 6. 

West of Purbdchius, and south 
of De la ( aiUo 

Wolff* 

1 50 w. 

29 52 

Noi th of Flratosthencs 

Biadley ^ 

2 0 sv. 

2, 50 

Noith-c.ist of Huygens 

CassiiiiB 

.{ 15 w. 

4) ">7 N. 

North of Aristillus. 

Hadley’* 

() 

20 50 N 

Nojth-east of Bradley 

Kirch * 

0 8 n , 

50 20 N. 

North ol Aiehnncdes 

lli^inus k 

8 

w 

9 

S. L. by IS. of Maiulius 


10 

■W. 

3 N. 

South of Agrjppa 

T r. (lir-Mayer"* 

10 

Vi. 

5() 20 N. 

North-east of Aiistotlc 

Christ. Mayei" 

9 'V. 

50 N. 

South of the preceding 

F. R. Arcliitas" 

10 

vr 

1? ^ • 

South-c.ist of Aristotle, and south 
ol the pn eedihg 


® Annular, and boidertd on N. ind AV. witli several annular spots. 

* High rock. ' High rock in llie Appenmes. 

^ Sh dlow, hut high and irregular in tlic west side 

• I'dliptical insidrtted lOck. ^ High rock in the Appenmes. 

8 Annular, and enclosing other two annular cavities. 

•* High rock in the Appenmes. * Insulated ro(k. *' Irregular rock 
' Annular spot, wiUi central eminence. ■* Irregulaily annular. 

“ Annular. * Annular. 
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Names of the Spots. 

Longitude. 

Latitude. 

General Situation. 

Boscovichp 

11' 

’50'w. 

16* N. 

Between Manibus and Menelaus. 

Silberschlag s 

ll 

55 w. 

11 

X. 

South of Boscovich, and stretch- 
. ing from north-east to bouth- 
west 

Taquetf 

19 

5 w. 

16 so N. 

Between Pliny and Menelaus. 

Maj^di • 

31 

24 w. 

17 50 N 

West of Vitruvius. 

Roemer* 

31 

30 w. 

21 30 N. 

North of Maraldi. 

Chr. Gaertner « 

32 

w. 

57 N. 

N. W. by W. of Aristotle. 

Democritus * 

35 

w 

60 10 N. 

N W. of Aristotle 

Chriq. Arnold y 

35 

w 

63 N 

N. N. W. of Aiistotle 

Picard * 

53 

w. 

14 

N 

South-west of tlic centic of the 
Crisian sea 

Palitsch • 


u 

3 

S. 

Noith of 1 unuiius. 

Bemouilli*^ 

'IS 

10 w 

28 18 & 

South-vest of Giminiis. 

Hooke “ 

58 

15 w 

2<> ISS. 

1 1st of soiithein Ctpluus 

Math. Hasc" 

60 

5 w 

,0 

s 

South of Pet i\ ms 

Eimart' 

66 


> 

X 

N L coast of the C i isiau sea 

Auzout ' 

6b 

w 

12 

N 

South coast of the ( iisiaii sea 

Condorett * 

6S 

It 

12 

N 

West coast of tlie tnsiaii set 

Alhazen " 

69 

w 

19 

N 

South-teest (oist of tin Ciisian 

D'Alembert \ 

OnMoon s 

1 lom 2 

sc l 

E ist of (n liualilus aiitl Ru e uiliis 

Mountains' j 

r 

limb 

1J s to6 s 


Wargentin" 

59 

I 

lO s 

List of tiu stiaitswliithscjii- 
1 lie PJiocvlidts and Sthitk- 
aidiis, in contact witJithe lat- 
tei, and lu nly with the loi- 
mei 

Hell* 

O 

45 F 

11 

5 « 

West of Ana\a^oias 

Jac. Cdssmi >' 

4 

I 

67 s 

E 1st of Rtt,ioiTiant mu'- 

1 basseridesn 

9 

t 

39 s 

Noith-wc st of Tycho 

Newton ■> 

9 

8 1 

>0 20 s 

South of I'lato 

Picoi* 

9 

20 f 

50 s 

On the sdutli in nginof Newton 

Lexelln 

10 

I 

69 s 

Soulli of Anlxn^olas 

Tiiomas Street« 

10 

50 r 

i7 50 s 

Between Magmiis and Tycho 

Beni de Font* 

11 

L. 

6l N 

On die soutluin in ugm oi C as- 
sim \ 


V Shallow, and irregularly annul ir 

1 Long and idmllow spol ‘ SiiialJ annular spot ‘ Shallow and annular, 
t Annular, with centrd eniinetuL. Siiiill, anmilir, \nd hdiow 

• “ Annular 5 Annular ind shallow ^ Anmlar. 

» Unclosed shallow ' Annul ir Irrcgulirlj .iimulir 

^ Shallow and annular, witli a (cntiil tmmente ‘ Annular 

f Shallow and annuhr Annular. ' Annuhr 

' These high mountains pioject distinctly beyond the deliiud limb of the Alotm 
^ Annular and shallow. ' liOiig and irngular * Ddp irregular <a\]t^ 
” Annulat. ” Shallow ar d annular, > A lofty pointed ruck 

4 Annular, witli a lateral emuunre 

* Annular, with an annuhr spot on As east and west margin 

* Annular, widi central eminence 
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Names of the Spots. 

Longitude. 

Latitude. 

General Situation. 

llobert Smith 


15“ E. 

44|10 s. 

South of Wing, and nearly touch¬ 




ing it 

Hfinsius” 

1() E. 

35 %, 

North-east of Tycho 

H iirzelbaucr 

X 

16 5 E. 

'J 2 s. 

South-east of Pitatus, and east of 





Gaiiricus 

C ichus» 


21 .5 E. 

SI 8 . 

East of Pitatus 

Helicon 1 * 


21 E. 

40 * N. 

S. W. by S. of Heraclides Falsus 

Kit'S “ 


22 E. 

26 s. 

Between Cichu- and Biillialdus, 





and equidistant from them 

Hfljcon 2 *' 


22 SO E. 

40 

East of Helicon 1 

Lambert 




North of Pytheas 

C oiid.imiiie'’ 


25 25 r. 

18 55 N. 

North of Hfiaclides Falsus 

Mciupertuis •' 


2.0 'JO E. 

47 45 N. 

Between Heraclides Falsus anti 





Contlaminc , 

Liibinietiiki 


26 E. 

18 SO 8 . 

N. E. by Fi. of Bullialdus 

Mercator' ^ 

1 

2b 00 u. 

2 <) s. 

S. b. VV. ot Cainpanus, between 





It and Cithus 

Campanils*’' 


28 1 . 

27 s. 

,S. E. of Bullialdus 


2S O 1 . 

16 8 N 

h. L. of Bulli<ildiis 

De Lisle'" 

ll.i 1 > IT... 1 

20 L 

2 2 00 N. 

Noith of Euler 

1 M' la 1 Ui t 

Rost' 

’1 >. 

>8 s. 

BttMcen ^chiller and Scheincr 

liiaiulun)' 

it .00 r. 

10 JS. 

Bet-vi ft nMaupei tills fiLScharpms 

St liai iiiub"" 

58 20 c. 

10 50 

N r of Iloraclidcfa 

Viti'llo* 

^8 00 r. 

20 fa. 

Twt Ive degrees S. of Gassendus 

Horit 


40 r. 

62 

N. W of Pyth.igoras 

Man.. 11 " 


10 .00 r 

10 b. 

1 of Herat lidt’s 

LcMUlllt ‘ 


12 00 I 

1 J b. 

Noith of Man an 

I)op 2 K Ima} t r 

1 

n 50 I. 

28 s. 

Between Meisc’iinus and Vitello, 





N. W. ol ^ ittllo 

Vint, Winff.i 


12 SO L 

16 s. 

South of Heinsius 

0 

W eitrcl* 

16 F. 

0 <> 00 s. 

S. E. by E. of Rost. 


* Annular. * Annular, nitli inotliLr annular >>pot on its south margin. 

Annular, uitliyout long central timncncts, stretching north ami south. 

Ditp anil annular, scith liigh margin and three annular spots towards the west. 

^ ^ Annul ir and insulated. 

* Annular Olid shallow, uith two high niountuins in its imtigii. 

*' A inular and insulated. 

‘ Annular, with singular ridges, and a voliaro to the north-east of it. 

^ Shallow and iiniiular. 

■■ Two shiillow an.uidar spots, with two rocks N T of them, 
f Annular and sh.1i!low, with irregular high groundnuts S, inaigin. 
r Annular, with a central cnimenee. 

*' Anuuhr, with .11 either annular spot, and rough ground in its W. nia'gin. 

‘ Annular. ^ Annular and deep*' * Annular, witli central eminence. 

"* Annular, and comceted witlv An ixiuiandcr, with a leitanpUlar row of spots. 

" Annular. " Annular and 'h.Jlow, witli a lung nilge iium ita margin, 
f Annulai and vm shallow, with a centuil eu inenre, and a sjiot on each suit of 
tins eminence. 1 Annulir and sli iUoa ’ Double cumular spot. 
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Names of the Spots. Longitude. Ladtude. 


Genetal Situation. 


Wilson* 

Reinerus* 

Pythagoras* 

Jac. Herman" 

Pythagoras N." 

Pythagoras 

Briggs* 

Pingr^ • 

Lichtenbergb 

Baillye 

Hausen* 

Abr. Goth* 
Kaestncr j 
Napier' 
Segnere 


G. Wolff. KrafFt'7:^ 


Le Gentil* 

Gniemberger*' 

Short* 



70* 

10 50 
56 50 
• 8 

63 N. 


^ £. of Schemer 
S. E. ofMaihis 
N. E. of Harpalus 
S. E. of Reinerus 

N. S. E. of Pythagoras, touching it 


E. 26 so N. 
E. 60 s. 
E 24 s. 



N. K. of Pythagoras^ touching it 
N. North of Selcucus 
s. North of Bailly 
s. E. of Biiggs and Selcucus 
s. E. of Bcttiims, Zucchius, and 
Kirthcr . 
s. East of Bailly 

s. East of Lichtcnberg 

b. Noi th of Kaestner 

N. of Zucchius, alKl touching it 
South-east of Selcutus, and N. 

of C aidainis 
South of Bailly 
Between Clavnis and Morctus 
S. of MoKtus, and touching it 


' Annular. 

* Annular and (.hallow, with a deep annular spot on its W. mw^n. 

* Annular, witli along iidgc on its \. margin 

* Annular, with centr^ eminenic. » Annular. * Annular and shallow. 

* Annular, with a long ridgi from its noithtrn uiargin. 

* A very long shallow spot, stretching from N. to IS Irregularly annular. 

* Long shallow spot, with several annul ir ones w itlim it. 

^ Extremely elhptual, with two bnght emiiitncts m the centre. 

* A very long annular spot, witli a large ccntial ridge. 

' Annular, with two antral umnences. 

■ Annular and shallow, with long ndges from its north margin. 

Annular. • Annular, with central eminence. 

^Annular, with central cavity. Annular, with antral eminence. 
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Table IF. Containing the Names and Posit Iotis of the larger and more re¬ 
markable Spots, which were supposed to be Seas bt/ Rtccklus and He- 
velius. 


N.imcs according to llirciolus. 

Names according to Hevwus. 

General Position. 

Mif?e Cr{\ium, Crisiaii Seu* 
hLFvecumhlaln, St*a of Fer¬ 
tility *’ 

Mare Neciri ja. Sea of N ectai 
M. Tro'Kpi Ihlalis, Sea of 
'I'raiiqmlbty® 

M. Sercmtati \, S. iif Serenity ^ 
Lac MS Sonmiorutu, J.ake of 
Drt .uns' 

/.. Moilis, Lake of Death'' 
Pains Sori/ii, I.sikeof Slee))* 
Marc Futons, Sen of Cold 

jM 1 'apont m, Sea of Vapon rs 
S'/ius JEsfMt'Hi,]iiL\ of Tides*' 
17. hahhtm. Sea of Clouds* 

17. Ifuvioruni, S.of Moisture*^ 
Snni' rpnlciniarinn. Bay t»l 
F.ptdomc s 

Oieanus Piocdlanim, Oeean 
of Storms' 

17. InibriMiit, Sea of Sliowers 
S.h alum, Bay of Rainbows'” 
iS'/mma Tton,s, Baj of Dew" 

7V I ra Pi itina^, [.and of Hoar 
fiost 

Titra Sicvitatis, Land of 
Drought 

Pahis Pulridinis, Land of 
I’litrcfiiction" 

P.l^/bttloi urn, f.ake of Fngsi* 
7. (liaiiilinis, Landof HaiL 

« 

P. Mceotis, Liike of Maiotis 
Marc Caspiutn, Cubjjian Sea 

Sin. Athen. et Sin.exter. Ponti 
Pu'itus Euxintu, Euxine Sea 

Ponlii.s Fu units, Euxine Sea 
Cinits Ctumeiis 

Montes Pence 

Imcus ('orocunaametis 

Mare Hi/perbareum, Ilyper- 
lioreau Sea 

Projionfis 

M. Adnaiicum, Adriatic Sea 
Mate Pamphifliam, Tamphy- 
lian Sea 

Shi. Shbon. el M. ARgifpliac. 
Inwla Jhdynuie, Island of 
Didyma 

M. Founi, et M. Mcdit. Pars, 
Eiistcrii Sea, and part of 
the M cd iterranean 

Mate Med. Pars Septent. 

S. AfmUuns, Bay of Apollo 

S. lij/peihoreus. North. Bay 

The last five names have 
been introduced by 
Schroder. 

l6"N, 
30 W. 5 S. 

S5 W. 15 S. 
30 W. 5 N. 

20 W.30 N. 
ao W. 37 N. 

2.9 W.48 N. 
41 W. 14 N. 
From 30 E. to 
40 W. 55 N. 

6 W. 10 N. 

7 E. 2 N. 
15 E. 20 S. 

40 E. 25 S. 

30 E. 22 S. 

In equat. cross¬ 
ed by parallels, 
22 .32 50 E. 
20 E. SO N. 

31 E. 44 N. 
45 E. 50 N 
27 E. 49 N. 

40 E. 62 1^ 

0 25 N. 

2 W.31 N. 

0 50 N. 

» Higli 111 the middle, wiUi a ridge running from its 11. to Ts'. niaigin. 

** lifliig spot, stistching from N. to S with rotks and cavities iiitcispersed. 

* The north-cast part of it is coitrtd with annulai spots 

■* Covered with gentle elevations, and mtli low ridges, whith .'ippear like streaks 
of liglit nt full moon. • l.oi.g nregiihr blackisli sjnit, N. W. of M. Suinitaiia. 

^ Sin.dl faint black spot, witli some annular tputs. 

R A pale spot, lontaiiiing scnrcial sniall ainiul.ir ones 

*' Small blatk spots. • Intel spersed with small rocks and cavities. 

^ Covered witli rocks and ridges on its 1^. V.. extremity. 

' Tins name is given to all the large spots betwccjn 10® south and 20® north, afid 
lying to tile east of the parallel of 20® east “ Small semiciicular valley. 

" Containing llarpalus, &c. ® South of Autolycua. 

f Between Autolycus and Aiistillus. 

4 Lnng between Plato and Cassini, and eovered with numerous rocks. 
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Having thus given a full tabular view of the names, posi¬ 
tions, and general appearance of the mountains and sjxits on the 
Moon’s surface^c shall now proceed to give an account 6f the 
difterent phenomena which may be discovered by a minute ex¬ 
amination of her disc. 

Astronomers have not been content with merely inspecting 
the surface of the Mtxm, they have even attempted to measure 
the height of the mountains, and the depth of her cavities ; and 
though on this point there is a difference of opinion, greater 
than might have been expected, the results aie still highly cu¬ 
rious and interesting. 

Ricciolus proposed to measure the niountuins of 
the Moon, when she vas in quadrature with the 
Sun, or when the half of Imr disc was illuminated. 
He supposed I) A E to be the side of the Moon that 
was turneel to the Earth, or the circle 1) A E, to be a 
section of the Moon perpendicular to the liounelai y 
of light and darkness, and D A the half of her he'mis])liere', that, 
was illuminateel by the Sun. Then, if M be a nioiintain jilaeed 
in the dark part of her disc, anel viewed by an observer on the 
Earth at O, it is obvious, that whenever its sunimii beionies 
visible to the sjiectator, it must be illuniinatcd by a ray of the 
Sun, S M A, which is perpendicular to R A, the radius drawn 
from the centre of the Mixni, to tlie boundary of light and 
darkness. If w t* then measure, with a micromelc*r, the angle 
subtended by llie line M A, the space between the luminous 
vertex of the mountain, and the eiihgbtencd pait of ilie Moon's 
•disc, we shall have the two sides AM, A B, of the right angled 
triangle AM B to find the third side BM, and eonseijuently, 
C M, the height of the mountain, or the excess of B M above 
B C. By the 47th of the first book of Euclid, we liav e AT 
+AB2=BM-. Hence, BM=v'AM^+AB^ but BM=CM+ 
BC; consequently, rM+BC=y'AM^+AB^ and CM= 
v'^”"+AB®.-BC. 

Dr. Her- method is applicable only when the Moon 

8 diel*» me- is dichotomised, it is necessary to have a more ge- 
neral method of ascertaining the altitude of her 
Plate IV. mountains. This defect has been siqiplicd by the 
following simple and ingenious method, suggested 
by Dr. Ilersclicl, and apjilicable ^ every part of the Moon’s 
orlut. Let DAE be the hemisphere of the Moon which is 


Kicciolus's 
iiietfaod of 
measuring 
the lunar 
mountams. 
Plate IV. 

Fig. 2. 
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turned to the Earth, and D A the visible portion of the cn> 
lightcncil hemisphere FDA. Let M be a mountain, viewed 
by an observer on the Earth at O ; tlicn it is obvious, tliat if 
A\c measure with a micrometer the distance between the sum¬ 
mit M of the mountain, and die illuminated disc at A, wc 
shall have the aiifric subtended by A r, from which, it is 
easy to asecrtaui the Icflgth of A M, in parts of the Moon's 
radius. Produce O M to ?/. Draw A m parallel to O n, and 
let A r be jjarallel to m «, it is obvious that the angle S M w, 
or its eijual A B D, is the elongation of the Moon from the 
Suu, and that A iv is the sine oF the angle of elongation. 
Now, the right angled triangles A M /*, and ..V B w?, arc simi¬ 
lar, from the cijiialily ol‘ the angles at M and B ; dicrefore, 
we have A w? : A B = A / • A M. Hence, A M + A = 


A B + A r 


A B + A r and A jM =- 


A m 


that is, the distance be¬ 


tween the eniighicned summit ol’ the mountain, and the illumi¬ 
nated jiari of the jMoon’s disc, is equal to the yirojected dis¬ 
tance, ns measured by the iineiomeler, disideil by the sine of 
the ^Io(jn\ elongation tVoin the Sun, radius being unity. 

Dr. ilersi’hcl, I'or e\.nnj)le, found that a r(x*k situated near 
the Tiacus Niger of IIc^eilus jirojceted 4".56. Then to reduce 
this into miles we have A B in seainds : t090 miles = A r in 

.seconds ■ A >' in miles, or A r in miles = ~ Taking 


A B from the Nautical Almanack for tlie time, it will he found 
tluit A /, or = 40.79 miles But tlie elongation of the 

Moon at that time was 90^ 57V, the sine of which is .9985. 
A /■ . 

Ilencc -T— is 40.85 niilch = A M. Then, by die method of 

Rl'*cioliis, the perpendicular height of the rock will be found to 
be about one mile. 

As the points O, S, A, r (Fig. 0), arc all supposed to be in 
one plane, or in the same jilanc with the illuminating ray S A, 
the distance A r ought always to be measuretl in a direction 
parallel to the illuminating ray, or perjxMidieular to the line 
joining the cusps of the Moon. This may be done by keeping 
the lixed wire of the micrometer parallel to the line joining the 
cu.sps, till the space A r is included bi'twccn the wires. The 
proper position of the wire miw also be fnind from the shadows 
of any adjacent eminences, wmch will always point out the dt- 
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rection of the illuminating ray. If the mountain is situated 
within the area "F sp A (Fig. 2), the error arising from taking 
the measure A r (Fig. 3) perpendicular to the terminator, or 
the elliptical boundary of the light and dark part of tlie Moon’s 
disc, instead of perpendicular to the line joining the cusps, >vill 
not amount to of the whole. If the mountain is within the 
area F r o A, the error will not be the wliole; and if it 
is within the area F q n A, the error will not be one hundredth 
of the whole. The arches D n, D o, D p, or D gr, D r, D 5, 
arc respectively 8°, 18% 20". 

Dr. Herschel measured sever.-il of the lunar mountains with 
great care, and found that their height had been greatly over¬ 
rated by j)receding astronomers. IVilh the e\ee])tion of a few, 
it appeared that the general height of the mountains does not 
exceed half a mile. The following are some of Ins measure¬ 
ments :— 


Distance 

Height 


A M 

in 

in miles. 

miles. 

A rock near the Laais Niger of Jlcvchus, 


1.0 

Antitauru^, _ _ __-__ _ _ _ _ _ _ _ _ 

:n.7 

o.r> 

•Amount .......w.i................. Fp............. 

:»7.w 

0.01 

One of the Appenincs, between lake Tliraynicnus 



and the Duxtnu ...._ __.......................... 


1.2.’; 

Mon& Armenia, near Taurus, 

3(1.0 

0.00 

JVIont I .eucoptena, ........ ..........__ 

41.4 

0 . 7.5 

IMonS Sac tr, ___r-.-n -n. II -1 1 ij -1 rrr--.r - 

04.0 

1.8 

Promontoriinn Achcruiia, ................-i.......-...— 

22.0 

0 . 2.5 

Theliighc^'t mountain situated near Snell or Petavius, 

35.3 

0.57 

Mountain bchmd IMare Crisium, ___ 


0.5 

Mouiitain near Aristotle, ____ „................ 

28.53 

0.37 

Mons Sinopuiin, ---rr-rr- r.. 

50.54 

1.50 


I’he altitude of the mountains obtained by the two preceding 
methods is evidently not taken from tlie general level of tlie 
Moon’s surface. When the solar rays, which illuminate the 
summit of the mountain, pass over high ground, which is the 
same thing as when the point A is above the general level of 
the Moon’s surface-, the height C M is the height above the 
level of the point A, and is, consequently, too small, by the 
quantity which A is raised above the general level of the 
Moon’s surface. On the contrary, if there are any hollows at 
A, which j>ermit the rays of the Sun to reach the vertex of the 
mountain sooner than they woul# have done had the ground at 
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A l)C(*ii level, we then get tlie height of the mountain from the 
bottom of these hollows; a result too great, by the quantity 
A\hich these cavities are depressed below the Moon's surface, 
lloth these cases, particularly the first, must frequently occur, 
aiicf will r(*((uirc ik> small address in the practical astronomer, 
to apply the necessary corrections. 

A method different from any of the preceding has been very 
successfully employed by M. Schroetcr. He measures the 
})rojeclions of the shadows of the mountains, when the Sun is 
near their horizon, and is either about to leave them in dark¬ 
ness, or advance to the meridian. From the distance of the 
mountains from the boundary between light and darkness, we 
])resinne that he finds the altitude of the Sun above their hori¬ 
zon, and thus deduces the altitude of the mountains. In this 
way, he has measured not only the lunar mountmns, but like¬ 
wise the depth of her immense cavities; and it appears from 
his observations, which we shall give at some length, that the 
mountains of the Moon are considerably higher than those on 
our own globe. 

In the following Tables, we shall present the reader with 
the various measurements of Schroeter, relative to tlie height, 
and the breadth of the base of insulated mountains, central 
mountains, annular mountains, the heads of annular mountmns, 
and stratified mountains, and likewise with the depth and breadth 
of the lunar cavities. 
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Tadlv. I. Containing tie Ihight aH Breadth of vmilnted Mountains, 
the Height of the Moon s Atmosphere being \.(rl2 English Miles', and 
the Height of the more dense Varl, lehich produces Twilight, being .381 
English Miles. 


Nanus ot mciilat^t, 1 
MuiiiU mis. 


-dl! 

- Leibnitz 
a 

J 

■V 

y ^ Deerfei 

n 

Rook 

n 


, Mountains of 
j D’Alembert 


III I 'lit in 
i ii,,lisll 


.0.007 
,0.0 j.{ 
4.917 
4.SSf) 
.0.007 
4.871 
4.0.00’ 
1.880 
4.880 
4.080 
1 .. 07 ] 

4.. 017 

1.. 017 
.‘{.0.;9 
3.109 


LMlftll of 
C.IM 111 
I lig.iink!) 


(iLner.ll Keinarks. 


lluypfcns 
Calippus East 

^ y Bradley 

Mont Blanc* 

^ ! Hadlev 

Wolff 

n In Crisian Sea 
k Near 'riie itctus 

i k E. f>{' rurbf'ehius 
a M’. of (lemhnis 
bb b.E.byK. of Eu¬ 
doxus 

V J .Mj) 


3.‘277 
2..31.3 
2.3 l.J 
1.011 
‘{.18.3 
3.0S I 


.30.88 None of these seven mountain'- 
40.10 appear in Schroetcr’s plates. 
.32.27 
23.05 


On tlie Moon’s e.astern limb, in 
lat. 21'5'. 


Round mountain, with lower 
one on its S. side. 

Steep on its S. .side, with liollo^v. 
Lonfr ridge, of etpial height. 

d, c, f, g, li, on the same limb. 



9d-8] 

17.29 

12.08 

27.00 

20.71 

.32.21 

11.49 



2.or>8 

1 . 9.92 

1 ..980 

l-O-W 

Efi.V! 

1.171 


Round roek in the Appennines. 

Round roek N. of Conon, and 
ditto E. of ( onon. 

Part of a broken ridije. 

Rneks in the Aj)pcnnines. 

Elliptical rock, with chasm in 
its S. extremity. 

Ellipt. rock ne.ar its E. margin. 

Large mountain, with high rock 
on its S. E. 

L'irge mountain. ^ 

Large rock, stretching from E. 
to W. 
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P All . ^ 111]Us. 


r S.l'i. ol'I>aU)sth. ].8J() 

u Nf.'ir J’liito 1.100 

Pronioiil. l.iipO 

/J \carMarp SeiTii. l.'iiSO 

I’roiiioijt. Alp. 1.1 

II< radiclcis FaU. 1.110 

1-no 

(1 Voar Aristarrlui' 1.000 

II Nt'ar N('A\l{m 

u N car 'i hciitctu.s 1.17 !• 

k Alp 1.1‘JO 

in Ill C/isiaii Sea 1.1'JO 

I s Af c •. 

M.'.r M. Scroll it. 

« j 1.0. 

0 Nc.ir AliMardiii.'' l.OJp 

I)c la (’aillc, in 0.8 .j.j 

tlie ivicldle 

Do la Hire 0,8‘J*i 

(id Near Ari.stotle 0.7})IJ 

1 Near Eralosthcn. 0.771 

u Jjehteiibor^ O .707 

Near roiitenelle ().()\‘>a 

Near Areliiinides O.lill 

Near Hortensius O.a.O.'i 

A Near FaiUt 0..'37.‘i 

as Near Plato 0..'>7.'i 

III Near Thebit 

i Near Euler 0..‘j8J 

f Near 'I'liebit O.HJ-'i 

h) 0.2 tS 

N' Doppclmayer O.l'J'J 

V Near Jiullialdus 0.12'J 

b Near Hermann. 0.121 

N’ I)op])elinaycr 0.02.' 



CciKiiil Ilcmarka. 


I).‘J J Hipfli ins. rock, S. marg.ofNewt. 
a 1.57 Large mount, touching Eratos. 
l(hr>9 E. of Plato. 

18.14 Liu-ge rock. 

17.‘J}) 

‘ 1.22 

8.07 Iligh peak on lofty promontory. 
Hi.l.'l 
17.2P 

10."7 E. of Ari^tarcliiis. 

1 l..’i2 S. of Pico, in niarg. of Newton. 
fl.22 Part ol‘ ridge W. of 'riieatetus, 

11.. 08 and S. of small annular spot. 
fJ.22 N. E. of Picju'd. 

().15 See Schroeter, I’lale LVH. 

.k7() 

10.. "7 Part of high ridge N.E. of Ari"- 

tarcliu.s. 

1!) ‘}[) See Scliroetcr, Plate XXIX. 

10. 'j? Brilliant mount, like a volcano. 

18.11 Long narrow mountain^ S. E. oi‘ 

Aristotle. 

10.. *]? E. of Eratosthenes. 

(j.pj On its W. marg. E. of Scleucus. 

d.M) 

1 .‘).8.‘J Scniicirc. ridge, S. of Archimed. 

11.. 02 Large rock N.N.E, of Hortens. 
4.(11 S. of Euler, and nearest it. 

5 . 7 O N. of Mont Blanc. 

9.22 Scmicirc. ridge E. of Thebit. 
8.07 S.W. of mount. A, and N. of 13. 

11. -W S. E. of Thebit. 

f.bl Mountains on the S. E. margin 
.‘L4(} of Kies. 

8.07 

ii.U) North of liullialdus. 

5.70' 

10.76 
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Tablv it. Conlaining Ihe Height of Central Mountains, and the Length 

of thctr Base. 


Rif to 
Sihroitrr 
I'l tils 

\.imis of the ctntrsl 
Mountains 

AV 

Araacliel 

c 

B 

Alphonsus 

Pythagoras 

Albdtcgnius 

Walter 

X 

Arzachel 

y 

Alplionsus 

Vitcllo 


(ra«sendi 

e fig. 1 
a 

Doppelmaycr 

Tyclto 


mill') 


1.4.^9 


(iLiiiiil Rtmiiks 


Tlic ccntial mountiuns, whost lici);lit And niat'nitiule aro {'Utn in tin puccdinp; Tiblc 
are tliose whah are placed in tiu centre of the spots or taiitics tint arc <-urT<)iimkd 
annular mountains. Sometimes tlicse mountains an found towards one suk of tin easily 
ut, in general, then position is CMctly central. The rtferentts in the 'I'lble to Sihroi 
ter’s Plates will bt of adsantige to tliO»c whowi-h to esaiiuiie tlie subjci t with greater c irt 


T 4BLr III. CuJiiaiuilig the Hanhis of ihe Heads of Annulai Mountains, 
and the Length of then Base. 


Names of llie Mountains. 


Alphoiisiis 
W .ilther 


Alplionsiiv 
Alplionsiis 
Biillicildiis 
Bulli l’ M S 
Ht. PMilll 
D(* la Caillc 
Bratostln lies 

Plato 

Arthinicdcs 


Height in Length ol J> is( 
Bnglioh miles in l.ng miles 


3.282 
2 ().)S 
1.001 
1.42 i 
1 ISO 
O.flOS 
0 027 


10.37 
1 3.8 i 
30 88 
6 01 
.0 il‘2 
23 O.'J 
23 O'! 
.J()88 
t)22 
i) 22 
lOdO 
.30 10 
O’jll 
27 (>(i 
34..37 

6i).15 

3().88 
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Table IV. Containing the Heights of Annular Mountains., 
xcith the length of their Base. 


Rofii. to Sphroo 
U-iS PluU « 


Names ol the Aunular Mnuntaiii«. 


Lcnfah of th<iT D" cm 
Knglish MiVs 

Tjclio Kast 

2.016‘ 

. 5 . 9.93 

(’laviiis 

1.42.9 

36.88 

Clavius East 

1.429 

.52.1.3 

Aristilliw 

1.362 

61.10 

Autolycus 

1.3.S2 

28.81 

Clavius 

1.211 

27.66 * 

Near Theatetus 

1.192 

10.37 

EratosthenA 

l.ill. 

33.42 

In the Crisian Sea 

0.932 

9.22 

Archimedes 

0.902 

59.93 

Vitello Ejist 


27.66 

Gashcudi West 

(). 6‘90 

71.45 

Near Archimedes 

0.708 

9.22 

Landsberg 

0.702 

07 

Theatetus 

0..799 

21.90 

Near Alpetragius 

0.538 

9.22 

Plato 

0..538 

6 . 9 .1,5 

Near Aristarchus 

0.538 


In Casbini 

0.538 

9.22 

Timocharis 

f 0.6*231 
\ 0.520/ 

23.05 

Near Newton 

0.563 

8.07 

Hell 

0.448 

29.20 

Mare Serenit. 

0.339 

11..52 

Olbcrs 

0.217 

16 . 1 s 

Hermann 

0.217 

16.13 

Near Bullialdus 

0.193 

J 6 14 

Clavius 

0.1.93 

6.91 

Near Marius 

0.127 

65.96 

Lichtenberg 

0.108 

6.91 

Near Mai'ius 

0.090 

unknown. 

Manilius 

0.423 

27.66 

Near Aristerchus 

0.3.99 

6.1.5 

Near Heraclideb 

0.399 

9.22 

Near Thebit 

0.3.99 

1.3.83 

Ilhcinhold 

0.387 

34.57 

Near Timocharis 

0.345 

4.61 

Near C'opernicus 

0..34.7 

11.52 

Cassini AU. Med. 

0.34.5 

36.88 

Euler 

0.311 

27.66 

Near Plato 

0.272 

8.07 

Hortensius 

0.272 

13.83 

Pliny 

0.248 

34.57 

Near Aristillus 

0.230 

5.76 

Near Possidonius 

0.193 

6.15 

Near theSinus TEstuum 

0.181 

6.15 
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Table V. Containing the Heights of Strata of Mountains^ and 

the Length their Base. 


R«f. toVhinc- 

Names of Me unt iins. ' 


I (II'111 of (hill m 

tu’i PLiin>. 

miQQmiiiiiii 

i i\t;lis>i niiU 


Near Mari lib 

o.rjfvj 

I.. 6 I 


Near Aristarchus 

O.-OIPJ \ 

o.:}r,:i f 

5 76 


Near Newton 

o.iiO'o [ 

0.1 (if) j 

4(jl 


Near Ileracliiles Falsiis 

0 . 1 f)J \ 
0*.108 ) 

8.1(> 

1 mum. 

Mar. Seren. 

O.KSI i 
0.108 f 

(i.i;* 


Near Thebit 

().o:)() 

2.80 

2 du>n. 

Mar. Seren. 

o.ios 

(1.1.8 

otiinn. 

Mar. Seren. 

0.078 

(i.l5 


Near Areliiinedes 

0.07i2 

5.7 (i 


Near Marius 

O.liil 

l.f)l 


Near Hermann 

0 . 0 f)() 

5.7 (> 


Near Marius 

O.Oh t 

4.(il 


Near Marius 

0 . 0 ()() 

4.61 


Near Henuann 

0.018 

.>.76 


Ibid 

0 . 01 'i 

l.lil 


Near Hermann 

0.0 

1.61 

Table VI. 

Containing the Depth 

of the Lunar Cavities, and 


the Breadth tin 

ir Ori/aes. 


Ref. to Schroe- 
terS PUtes. 

N^inesoi the C.i\iti(.s 

L)( ]<Ui 111 T h 

1 Duailth of Uuii (hifiics. 


Bernouilli 

;;.7()0 

Ki.l.'l 

A 

Helicon West 

2.b‘03 

18.11- 


Eudoxus 

2.88.'; 

10 . 2 .'; 


Thebit | 

2.3()1 \ 
1.971<J 

29 96* 


Pytlieas 

2.848 

10.87 

B 

Helicon East 

2.27b 

1 . 9.59 

c 

Thebit 

2.119 

11.52 


Lambert | 

1.900 

1.515 

10.37 


Theatetus 

2.0G4 

16.18 


Calippus 

1.901 

14.08 


Manilius | 

1.901 

1.787 

10.37 


Bianchini 

1.816* 

27.66 


Euler 

1.804 

13.83 


Autolycus * 

1.804 

1.707 

18.44 


Rheinhold 

1.647 

20.74 
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Table IV, conlinved. 


Ref trt loe- 
ttis IMiU^ 

N.'inm of the Cai itio^. 

nepth jn l.ngUsh 
n iks 

Breadtli of then Onfirat 


Copernicus ^ 

HiTM 

IHgUII 


Piciirtl 



I 

Near Aristotle 




Menelaus 

1 .‘.13 
1.-110 

14,98 


Pliny 

1..3.02 

24.20 


'J'iiiiocharis < 

1.410 

l..‘J32 

»8.44 


\ 

Laudsberg 

1.3.12 

20.74 

(l 

Nciu: I'hibet 

].]2f) 

8.07 


Aristarchus 

1.108 

23.05 

A 

Near Pliny 

1.077 

11.52 

Z 

Near Purbachius 

1.059 

6.15 

, K 

Near Copernicus 

0..087 

6.15 

S 

Near I’liny 

O.02O 

10.37 

E 

Near Regiomontanus 

0.847 

10.37 

3 

Near de la Caille 

0.847 

IO..37 

e 

Near Thebit 

0.781 

8.06 


Conon 

0.678 

10.37 


Tobias Mayer 

0.50‘2 

16.13 

Cri's. Sea. 

Near Picard 

0.2.00 

34.57 


Newton 

3.700 

-4.3.70 


Mylius 

3.112 

32.27 

f 

Near Alphonsiu 

a.707 

20.74 


Dcsplaces 

2..340 

18.44 


Aristillus 

1-937 

36.88 

C 

Hell 

1..937 

I9..I9 


'J'ycho 

I.96T 

.50.71 


Tycho 

1.7.'’.0 

50.71 

A 

Walthcr 

1.693 

8.07 

A 

Ptolemy 

I..592 

20.74 


Bulliuldus 

1.447 

27.66 


Go<lin 

J.4.35 

17.29 


Possidonius 

1.42.3 

6.15 

h 

Near Possidoniui 

1.350 

9.22 


Marius 

1.180 

24.20 

E 

Architas 

1.180 

18.44 


Agrippa 

1.217 

21.48 

F 

Architas 

1.126 

11.52 

4 

P'ontenelle 

1.017 

21.90 

n 

Mar. Seren. 

O..099 

7.65 


Aristarchus 

0.762 

23.05 


Cardan 

0.762 

27,66 


Kraft't 

0.6.35 

27.66 

M 

Near Possidoniug 

0.6.35 

3.04 

4 

Mar. Seren. 

0.617 

4.61 

K 

Mar. Seren. 

0.508 

6.13 

*• 

Al])hon.sns 

0.363 

8.07 
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It appears from the remarks contained in tlic preceding 
tables, and it may be observed with the aid of a common te¬ 
lescope, that the lunar surface is not only diversified with rocks 
and cavities, but that some parts of it arc distinguished from 
others by their superior illumination. The dark ))arts of the 
Moon’s disc are always smooth, and apjmreiitly level; while 
the luminous portions arc elevated tracts, which either rise into 
The dark mountains, or sink into deep and extensive ea- 

partsofthe vities. The general smoothness of the obscure re- 

Moon do not ffions naturally induced astronomers to believe that 
contain water. 

they were immense eollcctions of water. The names 
given by Hevelius are founded on this opinion ; and not¬ 
withstanding the discoveries Mhich have been made on the 
surface of the Moon, it is still very generally maintained among 
modem astronomers. When mc examine the IMtam’s disc, 
however, with minute attention, we find that these obncure ]K)r- 
iions are not exactly level like a fluid surface. In many of 
them the inequality of surface and of light is considerable; and 
in some parts parallel ridges are distinctly \ isible. The large dark 
spot on the Moon’s wcbterii limb, v hich is called the Crhian seoy 
appears in general to be extremely level; but we liave frequent¬ 
ly observed, w'hcn the Moon was a little })ast her o}qMsition, 
and when the boundary of light and darkness passed throngli 
the Crisian sea, that this bounding line, instead of being elli})- 
tical, as it would have been had the surfiice been fluid, was ir¬ 
regular, and evidently indicated that this portion of the Moon’s 
disc was actually elevated in the middle. The light of these 
obscure regions, likewise, varies very much, according to the 
angle of illumination, or the altitude of the Sun alxive their 
horizon; and when the Moon is near her eonjimetioii they are 
not much less luminous than the other parts of her disc. Now 
this could never happen if they were covered with water; for 
when a fluid surface is not ruffled by the wind, the light of the 
Sun, or rather the image of the Sun, could not be seen, unless 
"^wken the eye of the observer was in the line of the reflected 
rays. It would appear, therefore, from these facts, that ttiere 
is no water in the Moon, neither rivers, nor lakes, nor seas ; 
and hence we are entitled to infer that none of those atmosplic- 
rical phenomena, which arise from the existence of water in our 
pwn globe, will take place in the lunar world. 
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The strata of mountains, ami the insulated hills i.uimr 
which mark the disc of tliis luminary, have evidently mountains, 
no analogy with those in our own globe. Her mountainous 
scenery, however, bears a stronger resemblance to the towering 
sublimity, and the terrific ruggedness, of Alpine regions, than 
to the tamer inequalities of less elevated countries. Huge masses 
of rock rise at once from the jilains, and raise their ])eaked sum- 
inits to an immense height in the air, while projecting craggs 
spring from their rugged Hanks, and threatening the valleys be¬ 
low, seem to bid defiance to the laws of gravitation. Around 
the base of these frightful eminences are strewed numerous 
loose and unconnected fragments, which time seems to have de¬ 
tached from their parent mass; and when we examine the rents 
and ravines w'iiich Jiccompany the t)verhanging clifls, we expect 
every moment that they ai’e t(j be torn from their base, and that 
the })rocess of destruetive separation wHiich we had only con¬ 
templated in its efiects, is about to be exhibited before us in 
tremendous reality. The strata of lunar mountains called the 
Appenines, which traverse a jwrtion of her disc from north-cast 
to south-west, rise W'ith a j>recipitous and craggy front from 
the level of the Mare Imbrium. In some places their perpen¬ 
dicular elevation is almve four miles; and though they often 
descend to a much lower level, they j>res('nt an inaccessible bar¬ 
rier to the north-cast, while, on the south-west, they sink in 
gentle declivity to the ]ilains. 

The analogy between the surface tif tlie Earth Lunar ca- 
and Moon fails in a still more remarkable degree, 
when we examine the circular cavities which appear in every 
}»art of her dis<^ Some of these immense caverns arc nearly 
four miles deep and forty miles in diameter. A high annular 
ridge, marked with lofty peaks and little cavities, generally en¬ 
circles them ; an insulated moimtmn frequently rises in their cen¬ 
tre, and sometimes they contain smaller cavities of the same na¬ 
ture with themselves. These hollows are most numerous in the 
south-west part of the Mexm ; and it is from this cause that that 
portion of this luminary is more brilliant than any other part 
of her disc. The mountainous ritlges which encircle the cavi¬ 
ties, reflect the greatest quantity of light; and from their lying 
in every possible direction, they apjiear near the time of full 
Moon like a number of brilliant radiations, issuing from the 
large sijot called Tycho. 
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Explanation t<> explain, with an> tlcgrce of pro¬ 

of the lunar babilily, the ronnaliou of those immense cavities; 

but we cannot Iielp tliinking that our Earth would 
assume the same figure if all the H'as and lakes were rciuo\ed; 
and it is therefore pi\>bable that the lunar cavities are cither 
intended for the reception of water, or that they are the bed.s ol' 
lakes and seas which have fia'inerly exi.sted in that hnniiuiry. 
'^I’he circumstance of there being no water in the JSioon is a 
strong confirmation of this theory. 

Volranocs in The ticep tw erns and the Itrokeii irregular ground 
tlie Moon. which appear in almost e\ery part of the ]\fooiA 
surface have itidueetl several astronomers to belie\e that tlu'si* 


inequalities are of volcanic origin. This ojnnion was first main¬ 
tained hy Kr. Hook, in his and was afti’rwards 

supported by lleccaria, Liehtenherg, and .Kjiinus, tlie latter of 
v\hoin published a memoir on tin-- subjoet m 1781. n’he con- 
jceturcs of tliese astronomers have received no small confirma¬ 
tion from a number of remavkahh* ])lienomena winch have been 
seen in tlie tiark part of the IMoon in tlie course of the last eeii- 
Inry. During the annnlnr eclipse of the Sun, which h.ipjiened on 
the 24>th June 1778, a verv singular pheiunncnon was observed 
by Don I’lloa. Ilefoie the eilge <il tlie Sun's disc emerged 
from tliat of tlie ]Vloon, he observul near the iioitli-west limb 
of" tlie j^Iooii a liright viliil'* spot, wni>‘li he imagined to he the 
light of the Sun sliinlng tlirough an t‘j)ening in the Moon. 
This phenomenon continued about one mniiite and a (piarler, 
and was iioiicid hy three different ob^er\ers, Jjeccaria ob¬ 
served a spot similar to this in 177^7, and imagined that it, as 
well as that ])ercelved hy Ulloa, were the flanu's of a burning 
nionntain. ^Ir. Jlodc of Berlin also perceived a bright spot in 
the dark limb of the Moon. (le Villencuve and M. Nonet 


saw" a luminous point near the ‘pot ITeracTides on tlie fifid IVIay 
1787, and on the Ifltli Min'd! 1788. It rtsemliled a small ne¬ 
bula, or a star of the sixtii magnitude, and seemed to v ary consi¬ 
derably ill tlic light which it emitted. This bright spot was 
again .seen on the bih of INfay by Mechain, vilio tnought tliat it 
v\as the hrilliunt jioint of* the ‘^pot Aristarchus sliiniiig by the 
secondary light reflected from the lOartli. A very brilliant 
s]H)t was sc’cii in tlie ob.scurc part of the Moon on the 7th March 
3794, hy Mr. IV’^ilkiiis of Norwich, and Mr. Htretton in Lon¬ 
don. It appeared in the north-east part of the Mooifs disc. 
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and cirtitiniK’d vibible for nearly five iiiliiiites. Phenomena of a 

.similar kind have been observed by Dr. Ilersehel. On the 4tli 

]\Tny 1783, he perceived a luminous point in the obscMirc part 

of tjie Moon, and two mountains, which were formed from the 

4th to the 13lh May. In 1787, he pereohed similar ])heiK>- 

nonu'iia, which we sliall describe in his own words. 

“ A{)ril ly, 1787, lO*' 3G' sidereal time. I per- 

ceive,"" says Dr. Ilersehel, three volcanoes in dif- d^covered by 

ferent t)lac('s ol' the dark part of the new' M ()on. '^i’w(i 

■* . ^ • . bclicl* 

of them arc cither already nc.irlj extinc t, (a- (jtherw i" e 
in a state of ^oinjif to break out ; A^hich perhaps ma}’^ })e decided 
next lilnation. The third sliewsan actual eruption of fire, or 
luminous matter. I mea'-ured the distance of the crater from 


the northern limb of the iMoon, and found it 3' .77".3. Its 
liifht is much briohK’r than the micleu-. of the comet which M- 

o o 

iMcchain di‘^covered at P.iris the lOth ()f this month. 


“ A})rll 520, 1787, 10*'sidereal tinie. The\olrano In^rns 
with greater \iolence than last night. I believe its diameter 
cannot he less than 3'', by eom]iaring it with that of' the Geor¬ 
gian ])lanet; as Jupiter was near at hand, 1 turned the teles- 
scope to his third satellite, and estimated the dimneter of the 
burning part ol‘ the volcano to be e(,ual to at least twice that of 
the satellite. Ili'iice we i>.ay coni})ute that the sinning or burn¬ 
ing inattLr must be a])o\e three miles iii diameter. It is of an 
Irrc'gular round figure, and very sharply ilelined on the edges. 
The other Iw'o volcanoes are much farther toA\ards the eeiitreof 


the i\[oon, and resfanble large pretty faint m'huhe, tliat are 
gradually much biighler in the middle; but no well defined 
lumin<His sjx^t can he discerned in them, 'fhese three spots 
are })lainly to be distinguished from the rest of tl)e marks upon 
the JMoon ; for the reflcclion of the Sun’s rays from the Earth 
is ill its present situation sufficiently bright, with a ten feet re- 
fleelor, to shcAv the Moon’s spots, even the darkest of them; 
nor did I perceive any similar ^ilienomena last lunation, tliough 
^ *^hcn viewed the same places witli the same instrument. 

“ The appearance of what I have called the actual fire, or 
eruption of a volcano, exactly resembled a small piece of burn¬ 
ing charcoal, wlien it is covered by a vti’v thin coat of w’hite 
ashes, which frequently adhere to it when it has been some 
time ignited ; and it bad a degree of* brightness about as strong 



188 \’i:w DISCOVERIKS, &.C. IN THE MOON. Cll. V. 

as that witli which buch a coal woiilil be been to glow in faint 
daylight. 

“ All the adjacent parts of the \olcanic mountain seemed to 
be faintly illuminated by the enij)tion, and m ere gratlually more 
obscure as they lay at a greater dist.ince from tlic crater. 

“ This eni])tion resembled nuich that Aeliich I saw on ilie 
4th of May in the year 1783 ; an account of which, with many 
remarkable j)articulars relating to-loJcanic mountains in the 
Moon, I .diall take an early oi)j)ortunity of communicating to 
this society. It ditfered, however, considerably in magnitude 
and brightness ; for the voh-auo of the year 1783, though much 
brighter than that which is now burning, was not neiu'ly so 
large in the dimensions of its eruption. The former, seen in 
the lelcscojie, rcsembh’d a star of llm Ibiirth magnitude, ;is it 
appears to the natural eye; this, on the contrary, sliew's a vi¬ 
sible disk of luminous matter, very dilfercnt from the .sparkling 
brightness of star-light. 

Formation of The formation of craters in different parts of the 
craters. Mooii sceiiis also to indicate the cvistencc of volca¬ 
noes. Witli an excellent achromatic telcsco])e, five feet long, 
and with an ajierturc of three inches and three-(|uarters. Dr, 
Olbers discovered in the Marc C'risimn, between 1‘icard and 
Aunout, two simill craters in the giv}- ])lam, which vccrc botli 
wanting in Scliroetei^s TojKigrajilmal (’baits Sclnoeter had 
fre(|uenlly exaHiihed this part of the IMooii with lilgh inagnllv- 
ing jMiwcrs, under verv favourable angles of illumination, but 
had never jierceiv'cd the slightest trace of these craters. Schroe- 
ter at hi'-t perceived the largest of them, which was uncom¬ 
monly deep in proportion to its breadth, and was surrounded 
viith a broad annular elevation of little brightness. 

Plate IV. orxler It) convey to the reader some idea of llie 

Sitj/. J'lg. 4, lunar surface, we have ujireseiited three jKntums 
of it as drawn by Schrottei, in Plate IV, 

% 4,5,6. Fig. 4 is the ver^ biiiiiant sjiot called Aristarchus, 
in the north-cast quadrant of tlie IMoon’s smfacc. Fig. 5 te- 
])rescnts the spot called Gassendi, in the south-east quadrant of 
tlie Mfxin, tile daik edge ad rcjirescnting the boundary be¬ 
tween the illuminated and obscure })art of her disc. Fig. 6 is 
the sjH)t called Hevclius, containing an annular cavity, and a 
broken eicv alien resembling an egg. 

The iieight of the lunar mouutain.s, idative to those in the 



rtT. V. 


NHW DTscovrUTr.';, &c. in Tiir moon. 189 

Eiirih, Mcmiry, .iiid h shown in Fl^. 7, pintp iv. 

wlioro those In A omisapjioar to ho liighost, and those Fig. 7- 
of tile Fartli the hmest. 

Tlu’ oxislonco of a lunar almo".phoro has loncj heen Argiiment^ 
a fiTlilc siihiool of dispnlo aniono-philiisoiihors. The ‘he 

*' I Oil cxibtcnc’c of ft 

c'oiistant serenit\ of llie IMoon’s snrnioo, undistur])ed lunar atmo- 
by clouds or va])onvs, indiK od astronomers to fielie^e sphere* 
lliat she was not surrounded with an atnios]>here; aiul this opi¬ 
nion was confirmed b\ the brilliancy ol* light retained by the 
fixed stars and planets, wlu'u thev wvre nearly In contact with 
the limb of the Moon, and wlu'U their light must have passed 
through lu'r atmos])heri*. M. l)e I'michy, in a memoir upon 
this suhjcct, ende.wour-, to shew, that the duration of eclipses 
and oeenltations ought to hi diminished hr means of the re- 
fr.ietl\e power of the '’do <n’s atmosjiliere; and if its hori/ontal 
refr.ietion amounted to S, that tin re ne\er eould be a total 
eelipse of tlie Sim. In llu' eelipse of tliat lnminar\ which ha])- 
])eued in lTf-4, total darkness eontimied lb'; a circumstimee 
which Fouehy maintains could not possibly ha^e happened, 
had tlie IMoon been encircled even with the rarest atmospliere. 
'i'luse argnnieiils, howexer ingenious they may be, are foniuled 
u])on the sn})|)ositioii, that the data on which his calculations 
;irc made are })evfec“tl\ correct. 

'J’he a])])earance of the Moon's limli, in total and jiartial 
CA-llpses of the Sim, has suggeMi'd numerous arguments for 
the existence of a lunar atmosphere. In the year 1()05, Kep- 
])ler perceived that the IVloon, in a Milar eclipse, w\'is surrounded 
x\ith a luminous ring, whiidi was most Inilliant on the side* 
nearest the Mexm. The same yiheiiomenoii xras ohseried by 
^V’olif in the total eclijise ol JMs*} 170b. Captain Stain an, 
who obs(‘i\ed the sanu‘ i'cll]isc at llcru, ])erc(ixcd a blood iwl 
streak of light immediatol\ before the (‘uierslon of the Sun’, 
limb. Fatio obs-'rM'd at (Jeiiexa the luminous ring round the 
Mooii; and Dr. Seheuih/iT describe'* tlu i‘cli})se as a’ljiearing 
annular, in consequence ol’ tlie ref’niclion of the Sun'" light by 
the atmosjibere of the ^fooii. In the total eelipse of 171/i, Dr 
Ilallev observed a diminution of brightness in the limb ot the 
Sun, which was immerging before total ckarknes*;. The sliarp 
honiB of the solar erescnit were bliniti'd at their extremities 
during total darkness, and a ring of light encompassed the 
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Mociii. 'J'hc rinj^ M'as bri^litoit near llie bo-lv oJ* t}»e Moon, 
ami ll miles <»r corrimfatioim of seemed to dart out on all 

sides I’rom behind tlie Moon a little before the emersion. About 
two seconds piveedino- the eiU'Tsiou, a lonu^ narrow st»vak of 
dus!,\ but stroiuij red hehl .sec'iiietl to colour the weslci-n hnib 
of the JMt'oii; but A\luni the Sun c'pjiM.nvd, llie streak .uid the 
luniinou'? riiip; in^lautl’y \:>ulshed. M. I,ou\l!le ol)ser\ed the 
,sainc ])!ienoinena ; and lie deserlbc's the red stre.tk seen bv Dr. 
Ilollev, as .1 piece of .i circle <-f a ]l\e!v red, tihicli preceded 
tlie euKf.ion of the '^tin’s luub. 


In the eclipse ol the Sun which h-<j)peued on the 5k’>th Jul^ 
171^, when the uneoMad ol'the Sun ]\‘seuibled the Moon 
in h'T quadiatuns, the h'lrn-. <.1“ the "ol.u- civ c‘lit weri' oli- 
soiwed b\ Diiler to be Ivin outw 'ids bcxoiid the circle, in 
whi,.lic'e>> other part of III-di-c \wis cvinjiiehi'idevl. When 
the i‘eh]iie Ivee ne auiiul.ir, tlie Jsuu's doc w.t> (Mated lK\ond 


the ciiile whicii lon.ieil\ enibiMced i* "Fills (lil..talioii we.s jKo 


ob‘er\ed In M. Poletk at ]h-.uiklorl iijjou the Oder, ami has 
been cstuuated b\ Older at '.io . 


I'l’oin obseiwatioiis lu.ide ujxni the ecli]) e of the l*^un ui 1701, 
T\l. Du S'Mour In'm t’eiiionstrated, that the infleMon of the ravs 
wliicli jii.siiil l)v llie '(loon's limb, aiiiounted to 4\', and must, 
therel'oi'c, ha\e arise u from tlie lefr.ictioii ol'her atmosplicre. 

In the eelijise of 177S, in which the total darkiii'ss lasted 
four minutes, Viloa obseiwi'd se\iral siiioiilar apjiearances. 
The rliie; of Iif»ht about llie ]Moi>n ‘iiim‘d to lane a ra])id cir¬ 
cular motion. This li^ht became more da//lmg as the centre 
of the luminaries appioached, and alunit the middle ol‘ the 
ccli])sc its breadth was about a si\lh part of the Moon's diame¬ 
ter. C’orruseatioiis issued fiom it in all directions, and the lioht 
was reddi.di towards the IMoon, a deep yellow tow’ards the 
middle, and ])urc white at its circumference. 

Se\eral e\])eriments were made with the shadows of globes 
by IMaraldl and Fouch>, to shew that the luminous ling might 
arise from another cause than the Moon's atmosphere. They 
found that a ring of light, produced by the inflexion of the 
pas>.ng r.i)s, surrounded the shadow.-, of all opaque globular 
Iwdie-.; and the') considered ihi.s as a triumjdiant answer to 
the preceding argunu'uls in fa\our of a lunar atmo.sp]icre. The 
answer seenns to have been admitted by their op})oncnts as sa¬ 
tisfactory, and wc do not know that its lallacy lias ever been 



ril. V. NEW DISCOVERIES, IN THE MOON. 191 

As till* i^hcnomcna of inflexion art' producetl merely 
l)y lhi“ .surl’aces of l)oilie>, the ]>re<itlrh of the luminous ring, 
proflueeil Ia' ihe infle'.'oii o!‘ ligiil jiassing 1)> the hi'atl of a 
will be as as the luniiiK us ring ])roiIneed by the infleet- 

ing { !’ the iMooii at the satju* dislanee from both IwAlies. 

^J'hc ring of le-lil, tiierelinv, wirnnuiding tlie iVloon, will not 
exceed tlie lumiiions inig v,Iiicli Aiiiraldi ami h’onehy ob.ser\ed 
around their globes of akuk! and .sto'u', and, therefore, eould 
not |K)ssibly subtend a ^eU'lble aiigle at the distan e of that 
lnniinar \. 

Tile apj^ear.mce o!‘ the star, and planet*?, wlieu (vlip'cd by 
the .Moon, fnrnisiK's as \vilh additional ]‘rmiiis of the existence 
ol‘a lunar atmosjihere. It wa. iiatur.diy expected by asiroao- 
nus’s, liiat when the slai ■. or jii.mets r.uitc into contact with the 
IMooifh llinb.s, they oiiglit to s.-hi, r a ci>;mge in th<'lr colour, 
arising fr<»ni the trails.i(i-si(‘ii oi' ila'ir light througn the den.scst 
jiart oi’the Moon’s atm.'jf. re. Mdrai w e t(a*sider, Jlowc^er, 
that the lunar atmosphere, if i.s *i/c wctc' ]m»])orlioii.d to that 
of the earth, could not '■ublmd a greater angle than one i>c- 
coiid, and that the emerging slur mines through this .sjiace in 
two sti-tduls, we are searcely entitled to expeel any considerable 
(liatige ill its brilliaiicv- Jlesldes, the \isible limb ol tlie .Moon 
imn be formed by mountains, and tlie denser jiarl of her at- 
niosjihere ma\ be below their summits; so that the remainii gi 
jiart ol‘ the almosjilicre, which is alone \isll)le to ns, may not 
lia\e sullieient density to deaden the light of the emerging star. 
(Jassini remarks, lliat he freipiently observed the circular figure 
of Jupiter, Saturn, and the fixed stars, changed into an ellipti¬ 
cal one, when they ajiproaehed either the dark or the illumi¬ 
nated limb of the Moon. In tlie occiiltatlon of Saturn, obscined 
by Mr. Dunn on the 17lh June ]7(>2, the ring and the bod} 
of Saturn ajipearcd evidently to be affected by their proximity 
to the ISlooii, and had the .a])pearanee of a comet at theniomiiit 
ol‘emersion. M. le !Monnier obser\ed the star Aidebaran ad¬ 
vanced as it W'cre ujion the illimiiiiated disc of* the Movin ; but 
tins must liavc been owing to some ojitieal Illusion. 

Notwithstanding the force of the preceding arguinenis, the 
complete di.scovcry ol’ the Moon’s alniosplieic was rcser\ed for 
iiie celebrated M. Sciiroeter of lallenlhal. Tins astronomer 
had frequently pere^.i^ed, that the high ridges of the lunar 
uiuuntaius Leibnitz and Docrfel, when in the dark liemi .})here, 
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were less illuminated in proportion to their distance from the 
boundary of lig^lit and darkness, and that the cusps were also 
more faintly illuminated than the other })arts of the Moon’s disc, 
lie likewise observed “ several obscurations and returning se¬ 
renity, eruptions, and other changes in the lunar atmosplitrc 
from which he m as led to expect, that a faint twilight might be 
perceivetl towards her cus]>s, as he had done in Venus. 

By observing the Moon when her phases were extremely 
falcated, Schroeter at last discovered a faint glimmering light 
Plate IT Py**‘'*>i^‘dal form, extending from both cusps into 

Sup. Fig. the dark hemisphere, like b r. Figures 4 and 5. 

I'he greatest bretidth of" this crespuscular light was 
2" and its length 1' 20"; frojii which Schrf>eter has computed, 
that the breadth of the lunar twilight, from the terminator or 
boundary of light and darkness, to where it loses itself in, and 
assumes the faint appearance of the light reflected from our 
Earth, measures, in a direction perpendicular to the terminator, 
2"^ 34' 25" ; and, theref'ore, that the inferior or more dense ])art 
of the Moon’s atmosphere is not more than 1500 English feet 
high, and that the height of the atmosjdiere, whm* it could af¬ 
fect the brightness of a fixed star, or inflect the solar rays, does 
not exceetl 5742 English l‘eet. This space subtends at our 
I'larth only an angle of 0".94, which will be passed over by the 
star in less than 2" of time. The occultation of Jupiter on tlie 
7th April 1792, was observed by Schroeter for the purpose of 
confirming the preceding di.scovery. Some of the satellites 
became indistinct at the limb of the Moon, while others did not 
suffer any change of ctdour. The belts and sjiots of Jupiter 
appearwl perfectly distinct when close to the limb of the Moon, 
and a small luminous sp)t, though by no means very per¬ 
ceptible, eould be ])lainly distinguished when close to the Moon’s 
limb. 

On the ma the Sun and Moon ri.se above the horizon, 

nituileof the or Set bclow it, they generally ajipear much larger 
Mellon”*”* than they do when seen on the meridian ; though it 
is certain that they subtend a smaller angle in tlic 
former case than in the latter, when measurtKl with a microme- 
Piate XIV. When the j)lace A, Fig. 1, has the Moon P 

in its meridian, the Moon is evidently nearer by 
moyc than 4000 miles, a semidiameter of the Earth, than when 
the place has come round to B, and has the Moon in its hori- 



CII. V. UEW DISCOVERIFS, &c. IN THE MOON. 193 

zon. The oxlraordinnry magnitude, therefore, of the Sun and 
IVItKm in the Iiorizon, must be the result of some optical illu¬ 
sion. In explaining this singular phenomenon, astronomers 
ha\e salisii(‘d themselves with saying, tliat the shy does not 
appo^^ like a circular hemisphere M N O P, but piatc IV. 
like an^al vault m n op ; the part of the zenith o 
seeming to be much nearer tlic eye of the spectator at E, than 
the horizon at m ; and therefore that the horizontal IVfoon at 
m w’ill be referred to a distance E 7//, and have the magnitude 
while tlic Moon in the zenith w'ill be referred to a distance 
E o, and have the magnitude shewn at o. This explanation, 
however, only puts the difficulty a stop farther oft*: for the 
question still recurs, Why does the zenith o appear nearer the 
Earth than the horizon () .J* 

When we estimate the magnitude of remote objects, our 
judgment is formed by com])aring them with adjacent objects 
w hose magniliide is known. Thus, il* we perceive a roan standing 
upon a rock in the middle of the sea, we may form a tolerably 
correct estimate of the size of the rock by comparing it with 
the man, whose size may be reckoned about five feet eight 
inches; but if the rock is seen by itself, it is impossible to form 
any probable estimate of its magnitude. Hence a buoy seen at 
sea always apjicars much less than it really is. The same 
thing ha]>pens with regard to the cstimiition of distances. Wlu‘n 
many objects intervene, the mind is enabled to form an estimate 
ap})roaching to accuracy; but at sea, where no objects inter¬ 
vene, the deception is enormous; and in like manner, in a 
mist, objects appear nearer and larger from the intervening ob¬ 
jects being obscured and concealed. If an object is view'ed in 
a horizontal line, or placed on the surface of the Earth, we are 
generally enabled to form a pretty accurate notion of its mag¬ 
nitude, by comparing it with adjacent or intcr\ening object'^. 
Thus the size of a ball placed before a huu.se may be estimated 
by comparing it with the width of a window or a door, which 
is generally of a certain size ; but if the ball is f>laccd on the 
top of a spire, it is impossible to I'orra a tolerable notion of its 
magnitude. To the writer of these remarks, the mosaic pave¬ 
ment in St. Paul’s appeared about one-fifth of its real size when 
seen from the top of the cupola; but as soon an a man passc*d 
over it, the comparison corrected tliis erroneous estimate, and 
the pavement seemed to increase iu magnitude. For the same 

VOL. * 11 . o 
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rc'fison, the apparent size of“ llie JMoon when in the horizon is 
estimated bv a comparison with intervening objects; but when 
slio is at a considerable height above tl\e horizon, she diminishes 
in ‘‘i/e like the ball on the toji (/f a spiie. In order to obtain 
an experimental ])rooi’ of this ex})Innation, wc smoked tbe,sur- 
laee of a mirrt*r (o imilate tlie hori/oulal vajunirs, and \\|ieii the 
jVb)on had a considerable sillitude, \\e retieeted her image from 
th(* rnijTor, so that she a])peare(l ruddy and near the horizon. 
In this case her size evidently increased, and when the horizon- 
tal 3Ioon was reflected up to tlie zenith, her apparent magnitude 
was diminished. For the same reason, when the image of tlie 
Moon was reflected iijKm an object near the eye, it appearetl 
extremely small, and when th*' image was thrown upiui a dis¬ 
tant object, it became very large. 

Mr. Fzi'kiel AValkcr eiidea\oiii-s to account for tlse mag¬ 
nitude of the liorizontal ISba-ii by saying, that, on account of 
the diminution of' the moonlight in tlu‘ horizon, the pupil is 
more expanded than when the ]\Ioon is \iewed at high alti¬ 
tudes, aiid that a larger image is on this account formed U])on 
the retina. This opinion is demon »trabl\ erroneous; for though 
tlic distance between twt) siars ap])cars greater when they arc in 
the horizon than in the zenith, it will not be maintained that 
the pupil is more exjianded in the one ease than in the other. 

^ , While the Moon is performing lier montlily rcAo- 

On the rota. , . . , ‘ , 

tionofthe lution, .slie alwa\s presents tlie same side to the 

Moon. Farth. This remarkable eireiimstanee arises from 

lier rotation about an axis in 29'‘ 12''. the same lime that .she 

revolves rtiund the Fiarth ; for if the Moon had no rotation 

upon an axis, she would exhibit every part of her surface to a 

Plate VIII. siicelator upon the Earth. If the Moon A, Fig. 1, 

were always to keep the same side A w, to the Earth 

at M, the line A v would not he carried })arallel to itself; for 

wlien the Moon has reached (f, the line A v will now have a 

position at right angles to r .v, tlie Moon having performed a 

quarter of a revolution round her axis. 

From tibscrvations iijion the lunar spots, Cassini found that 
tihe Moon revolv es round an axis inclined 88° 17' to the ecliptic, 
and tliat the nodes of the Moon’s eipiator have the same position, 
and the .»mc retrograde motion, as the n jdes of the Moon’s orbit. 

The cqmility between tlie rotation and revolution of the 
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Moon was ascrilicd by Newton to her having an oval form, one 
side of which was denser than the other. La Grange, however, 
lias shewn, that though the Moon ought to be elevated at the 
equator, by the diminution of the centrifugal force, yet the 
elevaij,on is liiur times as great in the direction of the diameter 
of the c^'^imtor that points to the Eartli, in the same way as the 
'■Waters of tiie*Eartli are always of a sjiheroidal form, the axis of 
the spheroid being directed to the M(Km. Tn coniequence of 
the attraction of the Earth u})on this elevated portion, La 
Grange has shewn, tliat the \elocity of the Moon's motion is 
sometimes accelerated and sometimes rc'tarded; and that the 
tendency of this attraction is to produce an equality between 
the n»tation and revolution of the Moon, even if they had been 
different, and to occasion a coincidence botli in the position and 
motion of the nodes of the lunar equator and the lunar orbit. 
T^a 3’lace supposes, that the high mountains of the Moon will 
have an influence upon these phenomena, and that this effect 
Mill he gi'cater in projiortion to the smallnc’^s of the compres¬ 
sion at the lunar jiolcs, and the smallness of her mass. 

If vve examine with attention the disc of the Moon, 
we shall sometimes observe the spots on her eastt'm tion of the 
limb, which were formerly visible, concealed behind 
her disc, while others appear on her western limb which were 
not seen before. The sjiots which appear on her western limb 
withdraw themselves behind the limb, while the spots which were 
concealed behind the eastern limb again appear. The very 
same phenomena are observed in the north and south limb of 
llie Moon, so that the S]>ots sometimes change their position 
about three minutes on the Moon’s disc. This phenomenon is 
called the libration of the Moon; which is of four different 
kinds, the dmmal Vibration, the Ubraiion in longitude, the U- 
bratlon in latitude, and the llbrniion arisingJroni the actum o/* 
the Earth on the Imiar spheroid. The two first of these were 
noticed by Galileo, the third by Hevelius, and the fourth by 
La Grange. 

If the disc of the Moon, supposed to be at S, in jj. 

Fig. 2 of Plate V, is examined by persons situated bradon. 
at VI and XII, to the former of whom she appears 
in the horizon, and to the latter in the meridian, it is 
manifest that the person at VI will see a small portion «>f the 
M(K)n's north limb wliich the jicrson at XII cannot perceive. 
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and that the person at XII will see a portion of the Moon's 
soullierii limb which is concealed from the spectator at VI. But 
when the spectator at VI is carried by tlic Karth’s rotation into 
the position XII, or wlien the Moon comes to his meridiiin, he 
will lose si«ht of the ])art of tht Moon’s north limb wh'''h he 
i’ormerly saw ; and the part of the liloon’s soiitli limb, ^Sruierly 
concealed from liim, will come into view. While 'lie** is carmd 
from XII lo VI, or when the Moon moves froiii his meridian 
to his liorizon, he will perceive more and more of the jMotra’s 
south limb, and lose more and more of her north limli. These 
jilicnoraena will be repeated every day ; and the diurnal libra- 
tion which is tluis produced, will be pro])ortional to the Moon’s 
parallax in altitude. 

f.ibiatJon m ’I'he libration of the Moon in longitude arises from 
longitude. jJio inequalities of her motion round the Eartli, com¬ 
bined with tlie unifonnity t>f her motion round lier axis. If tlie 
Moon moved uniformly in a circle round the Earth in its cen¬ 
tre, she would alwa 3 s turn tlie same fact to the Earth, an<l 
there would be no libration in longiliule, the same spots ap¬ 
pearing always at the borders of her eastern and western limb ; 
or, what is the same thing, if the Moon moves unequally round 
lier axis, and unequally in Iier orbit, the inequalities varying in 
the same manner, there would he no libration in longitude. 
But as the Moon moves unequally in an elfqitic orbit round 
the flartli, placed in one of the foci, while she moves equally 
round her axis, she cannot present exactly the same face to the 
I'hirth. For since the two revolutions arc performed exactly in 
the same time, the Moon will have performed more than one- 
twcntielh, or any other part of her monthly revolution, wlien 
her motion is the (juickest, in the time that she has performed 
tme-tw'cntieth of her revolution about her axis; so that the 
Earth has, as it were, got behind the Moon's eastern limb, and 
sees a part of it which was not visible before. In the same 
manner, when the Moon is near lier perigee, where her motion 
is slowest, she will perform les‘' than one-twentieth part of her 
monthly revolution in the same time that she performs onc- 
twentieth part of her rotatory motion ; so that the Earth will, 
as it were, be left behind, and get a view of the part of her 
western limb that w as formerly concealed. The greatest libra¬ 
tion in longitude happens when tlie Crisian sea is distant about 
three-fourths of its width from the western limb of the Moon. 
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The libralion of the Moon in latitude arises from Librationiu 
the inelination ol' her axis 88“ 17' to tlie ecliptic in latitude. 
Avhich die l^iUrth is placed. Had her axis been exactly perpen¬ 
dicular to tile ecliptic, this libration would have vanished. Dur- 
ing^inc half of lier monthly revolution, the Moon’s axis forms 
an acn^p angle with the radius vector, or line joining the Earth 
t>ntl*?*loon'jvarying between 88’ 17' and 90% and, consequently, 
the north j)ole>;^f the Mtxm, and the adjacent parts, comes into 
view, and the south pole is concealed; but, during the other 
lialf of her revolution, her axis forms an obtuse angle with the 
line joining the Earth and Moon, varying from 90’ to 91° 43'; 
and therefore the north pole of tlie Moon, and the adjacent {larts 
of her north limb, are withdrawn from the Earth, while the 
.south jHile comc‘s into view. 

These* three kinds of libration arc merely optical, Spheroidal 
and do not aflect the real rotation of tlic Moon. lJb»tion. 
Tlie fourth .species, however, ])roduces a little inequality in her 
rotation, as it arises from a small oscillation of the Moon aliout 
an axis pcrjiendit'ulur to the nidiiis vector, produced by tlie 
action of the Earth on the elevated parts of the lunar spliermd. 


CHAP VI. 


ON ECLIPSES. 


The suhiect ol eclipses has been already treated by 

1 1 1 1 Oncdipsea. 

Mr. Ferguson, in the 18th and 19th chapters of the 

first volume, at so groat length, and with so much perspiemty, 

that we have no occasion to dwell any longer on that interesting 

part of astronomy. As the catalogues of eclipses, which are 

contained in the 18th chapter, extend no fartlier tlian the year 

1800, we shall, in some measure, render them more complete, 

by presenting the reader with a catalogue of all the solar eclipses 

from the year 1769 till the year 1900. This catalogue, wliich 

we have abridged from the P’rencli of M. Du Vaucel in the 


Mcmolrcs des Savans Etrangers, was calculated from the tables 
of Mayer for the meridian of Paris, in order to gratify the 
French king, wiio was anxious to know if a total or annular 
eclipse would soon happen. It will appear, from Uie catalogue, 
that the only annular eclipse in the 19th century will lake place 
on the 9th October 1847. 
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The Sun and uVloon will be in contact 15’’ 40' 31. at Paris, but the Sun will be eclipsed to places at a greater distance from the equator. 
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CHAr. VII. 

ON OCCULTATIONS. 

During the monthly motion of the M(M>n from wcaJ -a-yt, in 
the heavens, she must appear to an inhabitant o^ the I'hirth to 
pass over such of the fixed stars as lie near fwr apparent path. 
The star which the Moon tlius conceals from the lOarth is said 
to sufler an occultation, or an eclipse. As the Moon’s orbit is 
inclined to the ecliptic, and as the line of her nodes is constantly 
shifting, her apparent path in the heavens is subject to perpe¬ 
tual change; .so that all those .stjirs may sufler an occullation 
which are contained in a zone of the heavens, extending, on 
each side of the eclijitic, to the tlistance of the greatest latitude* 
of the Moon’s limb, as seen from the Earth. Tliis zone is about 
13° 12' broad ; and hence all those stars whose latitudes do not 
exceed 6® 36' may suffer an occultation to the inhabitants t)f 
some parts of the Earth. All the stars situated within a zone 
9° 4' broad, or whose latitudes do not exceed 4” 32', may suffer 
an occultation to the inhabitants of any part of the Earth. The 
most remarkable stars that lie within the broade.st of these zones, 
with their longitudes and latitudes for 1820, according to the 
accurate observations of Bradley and Maskelyne, are contained 
in the following table. 



Iwongitude, 1R20. 


liatitude. 

IMagnitude 

3 Aries, 


18" 

1.0' 

55" 

1’ 

48' 

7" 

N. 

4 

« Taurus, or Akumcj 

1 

27 

28 

55 

4 

1 

36 

N. 

8 

y Taurus, 

2 

3 

17 

11 

5 

45 

30 

S. 

3 

• Taurus, 

2 

5 

56 

48 

o 

35 

37 

S. 

3.4 

« Taurus, or Al-'\ 
debaratiy f 

o 

7 

16 

23 

5 

28 

46 

S. 

1 

fi Taurus, 

2 

20 

3 

48 

5 

21 

5.0 

N. 

o 

^ Taurus, 

2 

22 

16 

27 

2 

13 

29 

S. 

3 

n Gemini, 

3 

0 

55 

48 

0 

55 

4 

S. 

4.5 

ft Gemini, 

3 

2 

47 

13 

0 

50 

34 

s. 

S 

ly Gemini, 

3 

6 

35 

31 

6 

46 

12 

s. 

2.3 

« Gemini, 

S 

7 

25 

41 

2 

2 

28 

N. 

3 

3 Gemini, 

3 

16 

0 

40 

0 

12 

19 

s. 

2 

fi Gemini, or PoRux, 

3 

20 

43 

45 

6 

40 

19 

N. 

3 

y Cancer, 

4 

5 

2 

2 

3 

10 

22 

N. 

4 

3 Cancer 

4 

6 

12 

20 

0 

4 

13 

N. 

4 
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1 Leo, 

I^ongitude, 1820. 


Latitude. 

Magnitude. 

4* 

1.9" 

9' 

SO" 

3’ 

.9' 

57" 

S. 

4 

« Leo, 

4 

31 

44 

49 

3 

46 

1 

S. 

3.4 

91 Leo, 

4 

35 

23 

34 

4 

51 

9 

N. 

3.4 

» Leo, or llcgulus 

, 4 

27 

19 

38 

0 

27 

38 

N. 

1 

p liCO, 

5 

3 

52 

36 

0 

8 

29 

N. 

4 

T Leo,‘,^ 

5 

18 

59 

58 

0 

33 

21 

S. 

4 


5 

21 

32 

42 

3 

2 

51 

S. 

4 

M Virgo, \ 

c Virgo, 

5 

S4 

35 

58 

0 

41 

35 

N. 

3 

, 6 

0 

51 

21 

5 

4 

42 

N. 

4.3 

1 ) Virgo, 

0* 

2 

19 

27 

1 

22 

24 

N. 

3 

7 Virgo, 

0’ 

7 

39 

53 

2 

48 

57 

N. 

3 

ec Virgo, or iSj)icaj 

, 6 

21 

19 

12 

2 

2 

14 

S. 

1 

at Libra?, 

7 

12 

31. 

40 

0 

21 

48 

N. 

2 

1. 1 1.ibra;, 

7 

18 

29 

18 

1 

49 

14 

S. 

4.3 

y Librtp, 

7 

22 

37 

20 

4 

24 

41 

N. 

3.4 

9) Libra?, 

7 

24 

50 

59 

4 

2 

52 

N. 

4 

* Libra*, 

7 

25 

14 

58 

0 

1 

1 

N. 

4 

9 Libra?, 

7 

S?7 

21 

23 

3 

29 

24 

N. 

4 

A Libra?, 

7 

27 

57 

57 

0 

6 

53 

N. 

4 

§ Scorpio, 

8 

0 

3 

39 

1 

57 

17 

S. 

3 

;r Scorpio, 

8 

0 

25 

46 

5 

26 

15 

s. 

3 

p .Scorpio, 

8 

0 

40 

44 

1 

4 

58 

N. 

2 

y Scorpio, 

8 

o 

8 

1 

1 

39 

52 

N. 

4 

0 - Scorpio, 

8 

5 

17 

24 

4 

0 

23 

S. 

5 

ee Scorpio, 

8 

7 

14 

56 

4 

32 

24 

s. 

1 

T Scorjiio, 

8 

8 

56 

53 

6 

5 

21 

s. 

4 

y Sagittarius, 

8 

28 

45 

14 

6 

56 

48 

S. 

3 

1. ft Sagittarius, 

9 

0 

42 

9 

2 

oo 

24 

N. 

4 

A Sagittarius, 

9 

3 

58 

42 

2 

5 

31 

s. 

4 

9 Sagittarius, 

9 

7 

39 

59 

3 

55 

22 

S. 

5 

0 - Sagittarius, 

9 

9 

52 

28 

3 

24 

55 

s. 

4.3 

r Sagittarius, 

9 

12 

19 

43 

4 

58 

43 

s. 

4 

« Sagittarius, 

8 

12 

28 

47 

0 

53 

36 

N. 

4 

TT Sagittarius, 

9 

13 

44 

32 

1 

28 

7 

N. 

4 

/s Capricorn, 

10 

1 

32 

6 

4 

36 

46 

N. 

3 

f Capricorn, 

10 

17 

41 

11 

4 

57 

31 

S. 

4 

y Capricorn, or) 
Deneb Algedi, J 


19 

16 

4 

2 

32 

6 

s. 

4 

i Capricorn, 

10 

21 

1 

16 

2 

33 

40 

s. 

3 

< Aquarius, 

10 

26 

12 

28 

2 

3 

47 

s. 

4 

^ Aquarius, or 1 
Ancha, J 


0 

44 

53 

2 

43 

22 

N. 

4 

A Aquarius, 

11 

9 

3 

53 

0 

22 

56 

S. 

4 

9 Aquarius, 

11 

14 

37 

50 

1 

2 

7 

S. 

5 

d Pisces, 

0 

11 

38 

21 

2 

9 

44 

N. 

4 

i Pisces, 

0 

15 

1 

36 

1 

5 

37 

N. 

4 

^ Pisces, 

0 

17 

21 

36 

0 

13 

11 

S. 

4 
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The following more extensive table contains the right ascen¬ 
sion and declination, with the annual variation of all stars not 
below the fourth magnitude, that arc liable to be eclipsed by 
the Moon.^ It includes, of course, the stars of the preceding 
Table. 












in20. 


A T> 

Ann. 

XT "n T\ 

A In. 


( )rbit 

JTan. 1. 


All 

Var. 

• Jl • IJ* 

* ar. 

witli Mcudiaii. 


H. 

M. 

s. 

8. 

o 

/ 

// 

’ n 

])4SC. 

]) dCiiC. 

1 « 71 K 

0 

53 

36,49+3,11 

83 

4 49,0—19,5 

6*2“ 

72“ 

2 ? 86 K 

1 

4 

1.9,90 

3,11 

83 

22 

41,1 

1.9,3 

6*2 

72 

3 n 99 K 

1 

21 

51,80 

3,19 

75 

35 

o 7 

18,8 

6*7 

69 

4 » 106 K 

1 

32 

4,13 

3,10 

85 

25 

OO 

18,5 

66 

70 

5 a 110 K 

1 

35 

51,82 

3,15 

81 

15 

3,9 

18,1 

61 

74 

62| 73Ceti 

o 

18 

35,78 

.3,16* 

82 

21 

3,8 

16,7 



7i« 87Ceti 

O 

35 

1.3,10 

.3,20 

80 

39 

3,7 

15,6 



8 ^ 57 T 

3 

1 

20,89 

3,39 

70 57 

37,3 

11,2 

6*9 

7.9 

9f 5 « 

3 

20 56,73 

3,28 

77 

41 

11,3 

12,9 



1025 « 

3 

36 

47,43 

3,5.3 

<i6 27 

32,7 

11,8 

73 

7.9 

11 A 37 d 

3 

51- 

4,11 

3,32 

68 

25 

3,S 

10,5 

73 

8.1 

12 y 54 b 

4 

9 

3.3,51 

.3,40 

74 

48 

5.3,0 

.9,1 



13 l3 61 b 

4 

12 

33,87 

.3,43 

72 

53 

14,7 

9,1 

76 

82 

14 2$ 64 b 

4 

13 

43,73 

3,43 

72 

58 

51,0 

.9,1 

77 

8.1 

15 a* 67 b 

4 

ii 

42,45 

3,51 

68 

13 

10,8 

.9,0 

75 

8.5 

16 I 74 b 

4 

18 

7,01 

3,49 

71 

13 

38,4 

8,6 

76 

86* 

17 « 87 b 

4 

25 

36,02 

3,43 

73 

51 

39,2 

8,0 

80 

81 

18 <102 b 

4 

52 

20,54 

3,57 

68 

40 

33,9 

5,9 

78 

88 

19 5112 b 

5 

11 

55,07 

3,78 

6l 

33 

16,5 

3,9 

81 

86 

20 1 123 b 

5 

26 53,36 

3,57 

68 

58 

35.9 

3,0 

81 

,91 

21 132 b 

5 

37 58,24 

3,67 

6*5 

30 

15,1- 

— 2,0 

83 

93 

22 * 44 Aur. 6 

3 

54,24 

3,82 

60 

26 43,6+ 0,2 



23 u 7 n 

6 

4 

0,64 

3,63 

67 27 

o o 

0,2 

85 

})5 

24 ^ 13 n 

6 

12 

3,09 

3,63 

6*7 

24 

1.3,8 

1,2 

86* 

96 

25 » 18 11 

6 

18 

16,35 

3,55 

69 

40 

59,7 

1,5 

87 

95 


26* j 27 U 6 32 51,07 3,69 6*4 42 1,3 2,8 88 98 

27 ^ 43 n 6 53 25,56 3,56 69 10 28,5 4,5 90 100 

28 J 55 n 7 9 21,65 3,59 67 41 42,5 5,9 91 101 

29 < 60 n 7 14 32,08 2,74 6l 51 12,5 6,3 

sbi; 69n 7 24 49,05+3,71 62 42 46,5+ 7,1 96 98 

Six. 77 11 7 33 34.03 3,63 6*5 10 44.1 7,9 95 103 

32 y 43 as 8 32 51,08 3,49 6*7 53 27,3 12,4 100 108 

33 3 47 SS 8 34 26,42 3,43 71 11 26,2 12,7 100 110 

341«60 OS 8 46 4,97 3,29 77 41 30,7 13,2 104 106 

35 2*65 2Z5 8 48 37,81 3,29 77 27 4,3 13,5 104 106 

36 5 5 SI 9 22 13,98 3,25 77 5^^7,3 1.5,4 104 112 

37« 14 SI 9 '^1 ^^>9^ ^>21 79 17 35,2 15,9 105 111 


® Tlu» table is extracted from Mr. Pond’s Observaiimi, vol. ii. 
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5 
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72 

21 

48,0 
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9 

58 
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77 
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115 

41 ^ 

4/ 

10 

23 

19,32 .3,16 

79 

46 

10,0 

18,2 
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116 
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11 

51,08 .3,10 

82 

39 

5,6 

19,6 

108 

IIS 

43 0 

78 

11 

.31,00 3,11 

78 

28 

42,0 

19,6 



44 T 
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11 

H 

40,61 3,09 

86 

9 

10,3 

19,7 

108 
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4.'i V 

91 

11 

27 

43,87 .3,07 

89 

49 

48,1 

19,9 

109 

117 

46‘ (/3 

5 1IJ)11 

41 

18,84 .3,12 

87 

13 

14,7 

20,0 

108 

118 

47 D 

15 ITV 

12 

10 

41,82 ,3,07 

89 

39 

52,7 

20,0 

108 

118 

18 y 

29 w 

12 

32 

32,52 .3,02 

90 

27 

.35,9 

19,9 

111 

117 

49 

51 Tlje 

13 

0 

38,17 .3,09 

94 

34 26,5 

19,0 

108 

118 

50 « 

67 8je 33 

15 

43,25 .3,15 

100 

13 

0 4, 

19,0 

107 

117 

51 i 

68 llj 

13 

17 

13,20 3,15 

101 

46 

2,6 

J.9,0 

108 

116 

5i> X 

98 ITV 

11 

3 

18,18 3,17 

99 

24 

57,0 

17.2 

106 

114 

53 A 100 iij; 

11 

9 

22,88 3,22 

102 

32 

10,4 

17,0 

105 

115 

51 Sat 

9=^ 

11 

10 

56,08 3,30 

105 

17 

9.2 

1.5,2 

103 

113 

55 tC 35 ^ 

15 

t>o 

15,78 ,3,.J6 

106 

13 

.^9,1 

12,8 

100 

110 

5() y 

38 iCii 

15 

25 

28,31 .3,32 

104 

10 

48,0 

12,1 

102 

108 

.'m * 

43 

I.*! 

31 

.3.5,29 3,43 

109 

5 

8,1 

12,2 

99 

109 

58 A 

45 zO: 

15 

48 

53,87 3,1,5 

109 

■37 

8,3 

11,4 

98 

108 

59 ^ 

46 

15 

13 

.35,17 3,38 

106 

11 

29,6 

11,3 

107 

109 

00 jr 

6 11\ 

15 

47 

58,66 ,3,59 

115 

35 

8,0 

11,0 

94 

lOJ. 

fll ^ 

1.8 

15 

48 

7,19 .3,33 

10.3 

4.5 

0,4 

11,0 
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7 ITl 

15 

49 

42,26+.3,51 

112 

5 

55,6+10,9 

97 

107 

(i3 1/3 
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15 

51 

.56,11 .3,17 

109 

18 

8,7 

10,5 

97 

107 

6' 1 2/3 

8 TIL 

15 

.54 59,58 + 3,47 

109 

17 5.5,5+10,5 

97 

107 

(>5 X 

14 11L 

16 

1 

32,69 3,46 

108 

58 

57,3 

10,0 

96 

106 

66’ 9 - 

20 lit 

16 

10 

15,74 .3,61 

115 

8 

58,0 

9,3 

98 

104 

67 « 

21 TTL 

16 

18 

23,01 3,66 

116 

1 

14,7 

8,6 

97 

10.3 

68 

8 Oph. 16 

20 

50,67 .3,11 
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12 

35,5 

8,5 

99 

101 

69 T 

23 HL 

16 

21 

1J,11 3,71 

117 

49 50,1 

8,2 



70 A 36 Oph. 17 

4 

17,43 3,70 

116 

19 24,5 

4,9 



71 e 

40 Oph. 17 

10 

13.21 .3,56 

110 

54 27,4 

4,4 

91 

101 

7i2 

42 Oph. 17 

10 57,73 3,67 

114 

48 

27,8 

4,4 

.90 

100 

73 B 

44 Oph. 17 

15 

22,77 3,64 

113 

59 50,0+ 4,0 

90 

100 

741j.t 13 1 

18 

2 59,36 3,59 

111 

5 

37,4— 0,2 

85 

95 

75 2^6 15 X 

18 

4 28,73 3,59 

110 46 

11,0 

0,3 

85 

95 

76 5 

19 t 

18 

9 28,02 3,84 

119 53 

30,0 

0,7 



77 X 

22 t 

18 

16 51,53 3,70 

115 

30 

31,6 

1,2 

84 

94 

78 lx 

32 } 

IS 

48 

17,80 3,62 

112 

57 

15,7 

3,6 

81 

91 

79 »• 

34 } 

18 

44 

5,88 3,73 

116 30 

21,5 

.3,6 

82 

90 

80 0 

39 t 

18 

53 

.53,29 3,59 

111 

59 

35,7 

4,(1 

81 

91 

81 T 

40 f 

18 

55 

41,89 3,75 

117 

5.5 

1.5,8 

4,7 

84 

86 

82 ^ 

41 t 

18 59 

3,11 3,57 

111 

17 

53,8 

4,9 

80 

90 

83 4/ 

42 ^ 

19 

4 29,57 3,68 

115 

33 

17,7 

5,5 

80 

88 

84 d 

43 t 

19 

7 

5,76 3,51 

109 15 

42,4 

5,7 
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A 

9 

n 

20 

10 
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3,38 

105 

20 

23,9 

10,8 

76° 
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87 


23 

n 

20 

55 

48,76 
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107 

56 

23,0 

13,8 
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88 

1 

39 

11 

21 

26 

59,04 
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15 

54,8 
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74 

89 
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21 
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28 
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21 
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98 
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66 

74 

93 

2t 
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22 

40 
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32 
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93 

A 
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22 
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63 

71 
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23 

50 

4,0.3 

3,05 

84 

7 

55,1 

20,0 




In order to find the lime wlien the Moon will eclipse an}- of 
the stars in the preceding catalogue, or any others >\hich lie 
within tlic zone already mentioned, ^^e must find the time when 
the Moon is in conjunction with the star, or when the longitude 
of the Moon is the same as the longitude of the star. If the 
conjunction thus found hdj)pcn at a time of the night w hen the 
star is \isiblc, or within two hours of it, the occultalion, if other 
circumstances render it one, will be visible. In order to find 
whctlier the Moon will pass almve or below the star, or over it, 
so as to produce an occultation, we must compute her parallax 
in latitude, which, subtracted from the Moon’s U uc latitude, if 
it is north, and added to it, if it is south, will givx* her apjmrcni 
latitude, as seen from the surface of the Earth at the given place. 
If the difference between the Motafs apparent latitude thus 
found, and the latitude of the star, docs not exceed the Moon’s 
«>cnii-diamcter, she will pass over the star, and produce an oc¬ 
cultation. When this difference exceeds the Moon’s semi-dia¬ 
meter, and when the latitude of the stai* is less than that of the 
Moon, then the Moon will pass above the star if her latitude 
is north, and below it if her latitude is soutli; but when the 
star’s latitude is greater than Uiat of the Moon, she will pass 
below it when Ikt latitude is north, and above it when her la¬ 
titude is soutli. As the calculation of the parallax of latitude 
is a tedious ojieration, we shaU subjoin the following table, 
suited to the latitude of 51° 32', and computed with great la¬ 
bour, for every second degree of the right ascension of the inid- 
heaven, which is one of the arguments for taking out the Moon’s 
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parallax in latitude, her horizontal parallax being the other ar¬ 
gument. 

The right ascension of the mid-heaven is equal to the Sun’s 
right n.scension in degrees, added to the distance of the given 
Iniie fioni the prect'ding noon, converted into degrees, &c. by the 
T.'d)le in voj. i, p. 108. The mc'thod of finding the parallax of 
l..i.jiude lh)iji^he following tables will be understood by an ex¬ 
ample. ^ 

Let it be required to find the Moon’s parallax of latitude at 
London on the IGlh December 1812, at 10’’ 15' apparent time, 
the Moon's horizontal parallax being 60* 32". 


Dibtanc'' fifin the preceding noon, 10'* \»i\ converted into time by 

die Table m vol. i, p. lOK, -- - 153^ 4&' 0" 

Sun's right ascension then, - - — i!64 US 30 


Subtract 12 s^s, 

llight ascLHsion of the nud-heaveu nordi, 


41U 40 dO 
... 300 0 0 

... 5B 40 30 


When the sum is aho\e 360°, as in the preceding example, 
subtraet 360 from it, and the result will be tlie right ascension 
ol’ the m^d-hea^ en, for entering the Table, and taking out the 
parallax in latitude. If the sum is between 90 and 180, sub¬ 
tract it from 180°; if it is between 180 and 270, subtract 180° 
from it: and if it is between 270 and 360, subtract it from 
360”. 

The right ascenwion of the nud-heaven being 58° 40' north, 
enter Table I, and with 58° 40' at the side, and the Moon’s 
horizontal parallax, 60' 32", at the top, the parallax in latitude 
will be found to be SO' 28". 



J206 


ON OCCULTATIONS. 


CH. VII, 


Table T. Containing the Moon's Parallax in iMtilude, to even/ Se^ 
cond Degree of the Right Aiccniion of the Mid-hea}*en, Jhr lot. 
51o32'. 
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T tnr r /,— concluded. 



Tabiv II. Conlaimng the Moon's Parallax in Latitude, to every 
Second Degree of the Right Ajicension of the MidAieaven. 
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Table I I, -—concluded. 



Without tile aid of the Moo8i‘’s parallax in latitude, we may 
find, in some cases, by the following rule, i^hether or not any 
conjunction is attended with an occultation. If the difference 
between the latitude of the Moon and that of tlie star exceeds 
1° S7^ no occultation can take place; and if the difference be 

































































C'H. VII. ^ ON QGCirX.T AXIOMS. . 

^ less than 5i\ tliere must be an occultation to some part of the 
Eartli. Wlien the difference hes •between these Hniits, we must 
have recourse to the Moon*s*^|iarallax in latitude, to asceitain 
whether or not an occultation IJriJl take place. 

If it appears that an occultdtibn will hdppen, wc mjist then 
find, from astronomical tabies, or from die nautical almanack^ 
the longitude ipd latitude of die Moon at the time of conjunct 
tion, the long^iAlde and latitude of the star, die horary motion 
of the Moon in longitude at the tii]j[e of conjunction; die ho- - 
rary motion of the Moon in latitude, die horizontal parallax of 
the Moon, the semi-diameter of the Moon ; and the time when 
the star passes the meridian of the place. With these elements 
we may project the occultation, as in the following example. 

Example.—L et it be required to find vhedier or not the 
conjunction of the Moon widi Aldcbaran, in the month of De-' 
ceniber 1812, will be attended with an occultadon; and, if it 
is, to find the time of the inmiersion and emersion of die star, 
by projection. 

lly comparing the longitude of the Moon with that of diQ 
stai*, it will at once a})pear that the •conjunction will take .place 
on the 16th of December, when the longitude of Aldebaran, 
according to Dr. Maskeljme, is 2* 7° 10' 29", and its latitude 
5° 28' 47" south. It w iJl appeal', also, from the calculation of 
the Moon’s place, either by Mason’s Tables, or from die Nautical 
Ahnanack, that the conjunction takes place at 10** 20' 37" ap¬ 
parent time, at Greenwich, vvlicn the Moon’s longitude is 2" 7" 

' 10' 20", her latitude 4® 53' 13" south, lier hourly motion in 
longitude 37' 3", her hourly motion in latitude 5^^', her hoii- 
zontiil jiarallax 60' 32", and her horizontal semi-diameter 16' 80"., 
In order to determine whether or not an occultation will accom¬ 
pany diis conjunction, wc must find, from the preceding tables, 
the Moon’s parallax in latitude ; thus. 

Time past noon, vi/. 10'^ 2U' 37", converted into degrees of the 


equator, ...... 9' 16'* 

, llighl ascension of the Sun then,. 264 27 16 

Sum,. 4J9 36 30 

•Subtract 12 signs, .. 360 0 0 

lUght ascension oLthtnnHt-heaven north,. 69 36 30 

11. . ■ P 

( 
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With this argument ivc obtiun from the Table, p. 206, 
3(y SO'', for the MoDn's pandlax of latitude, which, added to the 
Moem's latitude, 4^ 63' 13", because it is south, gives 6** 23' 43" 
for the Moon''s apparent latitude. The difference between the 
latitude of the ^ star and the Moon^s apparent latitude being 
6' 4", which is less* than the Moon’s apparent semi-diameter, 
the star must suffer an occultation. 

Before we proceed to point out the method of projecting this 
and other occultations, we n^nst first find the inclination of the 
axis of the ecliptic to the circle of latitude corresponding to the 
point of the ecliptic in which tlie star is placed, or what is 
enough at pi^esent, the distance of the star from the nearest sol¬ 
stitial ptnnt; and Ukewise the angle of the Moony’s visible path 
with the ecliptic. For this purpose, subtract the longitude of 
the star from 3*, if its longitude is between 0* and 3*, or from 
9*, if its longitude is between 6* and 9*; but if the longitude of 
the star is between 3* and G”, subtract 3* from it, and if it is 
between 9* and 12*, subtract 9* from it, and the remainder will 
be the distance of tlie star from the nearest solstitial point. 
Thus, 


Id die jneseot case, the longitade of the star is 2 ’ 7” 10' 29", 

between 0* and 3*, so that we have . 3* 0" 0' 0" 

2 7 10 29 

IMstapoe ef Aldebaian fitMU die nearest sdlsdtial point, reckon¬ 
ed on the ediptic, ... 0 22 49 31 


In order to find the angle of the Moon’s visible patli ^ith 
the ecliptic^ say, ai^ tiie Moon’s houily motion in longitude is 
to her hourly motion in latitude, so is radius to the tangent of 
the.angte of the Moqu’s visible path with the ecliptic. Thus, 

As 87^ 3" or 2223" . 3.3469386 

Is to 0 60 . 1.6989700 

- SotsK.90 0 . 10.0900000 


To the tangent of the angle of die Moon’s 

path, 1* 17' 19" .. 8.3520306 

Let US now collect all the elements wtuch arc necessary for 
projecting the occultation. * 
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1. Apparent time of conjunctioii in December IBIS* *4ir« «••«•«»*! 104 100 2(K 87* 

2. Jjongitudc of the Moon and of Aldebann Bun, .. 2* 7* 10 ^ 

3. Latitude of the Moon aouth, decreasing or ascending to the 

north,. 0 4 58 IS 

4. Latitude of Aldcbaran south, . 0 5 28 47 

5. Difference of latitude,..0 0 85 84 

4i. Distance of Aldebann ftom the neatest adkiitial point, ...» 0 82 49 31 
?• Hourly motion of the Moon in* lon^tude, .;...» 0 0 37 3 

8. Hourly motion cf the Moon in latitude, . 8 0 0 50 

9. Moon’s borinmtal parallax,. 0 I 0 32 

10. Moon’s horiaontal semi.diameter, . 0 0 16 30 

11. RightascenaonoftheSunintime, .. 0 17^ 37 40 

12. Right ascension of Aldebaran in time, . 0 4 25 12 

13. Time of Aldcbaran’s southing, or the difference between the 

Son’s light ascension and that of the star,... ' 0 10 4? 23 

14. Declination of Aldebaran north, . 0 16* 7 23 

15. Angle of the Moon’s visible path with the ediptic, . 0 1 17 19 

« 


Method of *prqjectmg Occ-vdtatvms the Fixed Stars and Pla¬ 
nets by the Mom, * 

From a scale of c(]ual parts C B of any convc- piate IV. 
nient length, take, with the compasses, 60' 32", the ®* 

MiKin's horizontal parallax, ox die semi-diameter of the £arth*s 
disc, and having described the semicircle AII B, which will 
represent the northern half of the Earth’s disc, draw C H at 
right angles to A B, for the axis of the ecliptic. Make C A 
the radius of the line of chords on the sectmr, and having taken 
from it the chord of 23° 30' set it frmn H to «» and n, and 
draw the line m w, cutting C H in T. With T to or T « as 
the radius of the line of sines in the sector, take the sine of 
20° 49' 31", the distance of Aldeliaran firom the nearest solstitial 
{)oint, and set it from T to F on the right hand of C H, the 
axis of the ecliptic, when the longitude of the star is 9*, 10^, 
11% or 1% 2*; but on the Icll hand of C H wficn the lon^tudc 
of the star is 3% 4% 5% 6% 7% or 8'’. 

From the line of chords on the sector, with the radius C A, 
take 38° 31' the co-latitude of Greenwich, and set it from o, 
where C P meets the circle, to Z and Y, and draw the dotted 
line Z L Y. With C A as radius, take the declination of Al¬ 
debaran, 16° T 23'', from the line of chords, and set it both 
ways Z and Y to D and F, and to E and G, and draw 
the d^>(iJhics BT? and F G. Bisect the line X X in K, and 
draw th«* dark line IV, K, IV ncroendicular to C K. Take 
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the distance o Z, ort> Y, vrhich is the chord of SS’’ 31' the co¬ 
latitude of Greenwich, and set it from K to IV and IV. 

With EIV as the radius of the line of idnes, set off E a, 
E o', equal to tjie dine nf 15 ^; E E equal to the sine of 
S(y*; E c, E s', equal to the lune of 45°; Ed, E df, equal to the 
ane of 60°; and E c, E equal to the dine of 75°; and through 
these points draw occult dotted lines parallel to X E X. Then, 
with E X as the radius of the line of sines, take the sine of 75°, 
aitd set it from a to IX, and from a' to XI, on both sides; 
set the ane of 60° from h t(> VIII, and from S' to XII, on both 
sides; set the sine of 45° from r to VII, and from d to I, on 
both ades; set the sine of 30° fiom d to VI, and from d' to II, 

' on both ades; and, finally, set the sine of 15 degrees frotn e to V, 
and from d to III. Then, through the points IV, V, VI, VII, 
VIII, IX, X, XI, XII, I, II, III, IV, V, &c. araw the el¬ 
lipsis IV, X, IV, X, which will represent the path of Green¬ 
wich on the ISarth’s disc. The half-hours might have been 
drawn upori the elhptical path, by taking the sines for every 
7li% and the quarters, by taking the sines for every 3’'. At 
the points where the elliptical path cuts the line C’ o, ])ut lO** 
47', the time of the star’s southing, and continue the hours all 
the Way round the circumference of the ellipse, as m the figure, 
the time of the star’s.southing being always plated at the ex¬ 
tremity of the conjugate axis of the ellipse. The lower side of 
the ellipse represents the path of Grccnwicli when the star is 
above the horizon, if its declination is north; but the upper 
part of the ellipse will represent the path of Gi eenwich when 
the star is above the horizon, if its declination is south. 

With C B as the radius of the line of chords, take 1° 17' 19", 
the angle of the Moon’s visible path with the ecliptic, and set 
it from H to M,^on the right hand of H, since the Moon’s la¬ 
titude is decrearing, or since she is ascending north towards the 
ecliptic. When her latitude is descending, the point M will 
Jie 01 ^ the left hand of H. 

Take the difference between the latitude of the Moon and 
Aldebaran, viz. 0° 35' 34", and set from C to x upon the line 
C M, and through the point x draw the line R S perpendicular 
to C M for the path of the Moon. 

Take the Moon’s hourly motion in longitdde, 3T 8", from 
the scale C B, and making it the length of a sep^at'^ scale, di- 
yide it into 60 equal parts for minutes. Take 47' 23"» the ilu* * 
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of the 4bnjunction after 10 o'olock, and from this scales set it 
from x towards tlie left Jiand on the line of the Moon'*s path, 
the other point will mark out the hour of X. Take the whole 
length of the separate scale in the compasses, and set it firona 
X to XI, from XI to XII> Q^d from X to IX, and divide 
each of these spaces into single minutes, or into every live and 
ten minutes. 

Apply one side of a square to the Moon'^s path 11S, ind 
move it backwards and forwards till the other £sde cuts the 
same hour and minute in the path of the Moon, and in the 
patJi of Greenwich, as at r and s. The instant thus# found, 
which, in the present case, is 10** SS', will be the moment of 
visible conjunctioii, or die middle of the occultation. 

Take the Moon’s semi-diameter, 16' 130", from the scale C B 
in your compasses, and setting one foot on the Moon’s path, 
on the right hand of C IM, and the other on the path of Green¬ 
wich, move them thick wards and forwards, keeping each foot 
upon its proper path, till bolli the feet fall upon the same hour 
and nuniite in each ]).itli as at a'. This particular time, which, 
in the present case, i 6** /id', w ill be the beginning of the oc- 
cultation, or the instant w hen the s^tar immerges behind the 
eastern limb of the Aloon Do die very same on the other side 
of C M, and }ou will ohtaiii the end of the occultationj or the 
time when the star emerges from behind the w estern limb of 
the Muon, which, m the present case, is 11'. With the 
Moon’s scmi-diainelcr as radius, and upon die points f, r, as 
centres, vi/. the beginning, middle, and end of the occultation, 
describe three cirtle«, which will represent the position of the 
Moon at die beginning, middle, and end of the occultation, 
while the points j, and v, will represent the position of the 
star at these instants respectively, rs being the nearest ap¬ 
proach of the centres of the Moon and star, or 1' 30". From 
the projectiiMi wc therefore obtain the followring results 


Beginning of the occultatioQ,... 9** 53' 0" 

Middle of the occultation,... 10 32 0 

End of the occultation,. 11 11 0 

Duration of the occulta&n,..... 1 18 0 

Nearest approach d tsentres,... 0” 1 30 
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The method of projection whidi we have now explafned will 
answer for occultations of the planets, as well os the fixed stars, 
with this difference only, that in the former case, instead of 
the hourly motion of the Moon in longitude and latitude, we 
must take the hourly motion of the Moon and planet, if diey 
are moving in the same direction, or their difference, if they 
ar^ moving in opposite directions, for the relative hourly mo¬ 
tion in longitude knd latitude. With this relative hourly mo¬ 
tion we must find the inclination of the relative orbit, in tlie 
same manner as we found the angle of the Moon'*s visible path 
with ttfe ecliptic. 

The method of computing the various phenomena of occulta- 
tions, without the aid of projection, will be seen in T^a liandc’s 
Astronomy, tom. ii, and m Hutton’s MisceHama Mathcvmtica. 
See also Vince’s Astrommiy, vol. i, and Dr. 0. Gregory’s As- 
trommy^ p. 368. 

A very neat method of computing visible occultations will 
be found in the Journal of Siunte^ >ol. x, p. 161; and in the 
same work, p. 152, will be found a table containing the names 
of the stars that will suffer an occultation when the Moon’s 
node has different positions. * 


CHAP. VIII. 

^ ON TBANSITS. 

A* Mr. Ferguson has already ^ven a full account of the doc¬ 
trine of trandts, and of the method of piojectiiig them, in Chap¬ 
ter XXIII of this volume, we have nothing of importance to 
add upon that subject. It may not be uninteresting, however, 
to many of our readers, to be put in possession of the elements 
of all the transits of Mercury which have happened dunng the 
last century,‘and which are still to happen during the present; 
"and likewise the elements of all the transits of Venus, from 1631 
to 2984. 
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Table /. Containinff the Transits oj Mercury over 0ie SwCs 
Disc Jbr three Cet^uries, cakulated Jirom La Latsde's 
Tables. 



The aberration of the Sun and Mercury, and the small 
equations of the Sjun\ place, neglected in the })receding Table, 
give 6' lo be added to the calculated time of the conjiinc- 
liOiiT 
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Tji6lb II. Containing' the Transits 6f Venus over the Suns 
Disc tz&o thousand YcarSy caik^daied Jrom La Lakde^h 
TMes. 


r 

Years. 

Conjunction. Mean 
Time at Oreenwich. 

Geocentric 
Longitude of 
the Sun and 
Venus. 

Middle 

4 &ppj.i:ent 

Time. 

Semiduia- 
tion of the 
Transit 

Nearest Ap. 
of Centres ot 
the Planets. 


old style.' 
















h t 

// 

a 

• 

/ 

n 

h 

/ 

ft 

h 


// 

/ 

// 

902 

Nov. 25, 

21 7 

36 

8 

9 

2 

55 

20 

33 

41 




18 

14 N. 

910 

Nov. 22, 

9 9 

18 

8 

6 33 

47 

9 

33 

39 

3 39 

26 

fi 

15 S. 

1032 

May 24, 

6 35 

29 

2 

a 37 

45 

6 

33 

0 

3 51 

29 

3 

16 S. 

1040 

May 21, 

23 6 

31 

2 

6 29 

9 

23 

47 

48 




6 

16 N. 

1145 

Nov. 25, 

19 .SO 

46 

8 

11 

1 

30 

19 

17 

30 




17 

7N. 

1153 

Nov. 23, 

7 62 

13 

8 

8 

32 

21 

8 

19 

2 

3 31 

56 

7 

22 S. 

1275 

May 25, 

10 12 

3 

O 

4M 

10 

57 

7 

10 

4 

8 

3 

42 

52 

5 

18 S. 

1283 

May 23, 

2 41 

3 

2 

8 

48 

30 

3 

19 

56 

1 

41 

58 

14 

14 N. 

1388 

Nov. 25, 

10 33 

28 

8 

13 

0 

3 

18 

4 

9 

0 41 

52 

16 

2 N. 

1396 

Nov. 23, 

(i 39 

2 

8 

10 

31 

12 

7 

8 

2 

3 

23 

40 

O 

41 

21 S. 

1518 

May 25, 

13 46 

50 

2 

13 

16 

11 

13 

33 

19 

3 29 

28 

7 

21 S. 

1526 

May 23, 

6 16 

41 

2 

11 

7 

3.» 

(• 

47 

4ri 

••> 

28 

07 

12 

16 N. 


XEW bTYLE. 














1631 

Dec. 6, 

17 18 

29 

8 

H 

58 

50 

16 


23 

1 

35 

5 

11 

,56 N. 

1639 

Dec. 4, 

6 0 

20 

8 

12 

32 

15 

6 

30 

2t> 

3 17 

0 

9 

0 S. 

1761 

June 5, 

17 35 

14 

o 

1.5 

36 

31 

17 

2(t 

50 


8 

0 

9 

30 8 

1769 

•June 3, 

.9 .'>8 

34 

o 

13 

27 

8 

10 

27 

3 

2- 

."•9 

53 

10 

10 N. 

1874 

Dec. 8, 

16 8 

24 

8 

16 

57 

49 

15 

13 

28 

o 

1 

41 

13 

.51 ?«,. 

1882 

Dec. 0, 

4 16 

24 

8 

14 

29 

14 

4 

49 

42 

3 

1 

13 

10 

29 S. 

2004 

June 7s 

20 51 

24 

2 

17 

54 

23 

20 

26 

59 

t| 

il 

60 

11 

19 S 

2012 

June 5, 

13 17 

40 

2 

15 

45 

22 

13 

:i7 

26 

3 

20 

4.) 

8 

20 N. 

2117 

Dec. 10, 

14 57 

17 

8 

18 

.i6 

52 

14 

34 

1 


22 

•lO 

13 

ON. 

2125 

Dec. 8, 

3 9 

20 

8 

16 28 

33 

3 

44 

31 

2 

48 

20 

11 

28 S. 

2247 

June 11, 

0 21 

3 

2 

20 

13 

16 

23 

51 

11 

o 

M 

m 

52 

13 

17 S. 

2255 

Jane 8, 

16 44^36 

2 

18 

4 

1 

16 

5!! 

10 

:i 

36 

o 

6 

23 N. 

2360 

Dec. 12, 

13 49 

49 

8 

20 

56 

9 

13 

29 

32 


12 

47 

11 

49 N. 

2368 

Dec. 10, 

2 0 

42 

8 

18 27 

18 

»> 

38 

r; 

2 

29 

4>i>> 

12 

37 S. 

2490 

June 12, 

3 49 

15 

2 

22 31 

58 

3 

13 

T’S) 

1 

2 

14 

15 

11 S. 

2498 

June 9, 

20 12 42 

2 

20 22 

37 

20 

20 

59 

3 

46 

21 

4 

29 \. 

2603 

Dec. 16, 

12 44 

56 

8 

22 

55 

36 

12 

25 

55 

O 

56 

47 

l(t 

.'»t» N. 

2611 

Dec. 13, 

1 1 

52 

8 

20 27 

38 

1 

40 

31 

o 

15 

2t> 

13 

20 8 

2738 

June l5. 

7 14 36 

2 

24 50 

30 

5 

33 

■>3 




17 

9 N. 

2741 

June 12, 

23 34 39 

2 

22 40 

58 

23 

47 

39 

3 

53 

23 

2 

3i’ N'. 

2846 

Dec. 16, 

11 43 55 

8 

24 55 

22 

11 

26 

26 

3 

7 

21 

9 

55 X. 

2854 

Dec. 14, 

0 4 

9 

6 

22 27 

45 

0 

41 

21 

1 

54 

10 

14 

12 S. 

2984 

June 14, 

2 53 

2 

2 

24 

59 

1 

2 

51 

53 

3 

56 

9 

0 

4'. N, 


**• The transits of 902, 1040, 104/1, 2490, 2708, are 
doubtful. The aberration of Venus, and the small equations 
of the Sim's place, neglected in the preceding Table, give 2' 20" 
to be added to the calculated time of the euE^nnetion. 
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CHAP. IX. 

ON THF ABrRRATION OF THF. IIFAVENLY BODIES, THE PEE- 
CESSIOM OF THE EQUINOXES, THE NOTATION OF THE EARTU's 
AXIS, AND THE \ •VKl VTION IN THE OBLIQUITY OF THE 
ECLIPTIC’. 

It can scarcely be evpectcd, in a work like this, that we should 
enter at any length into the subjects of this chapter. The greater 
part of them are among the most difficult branches of physical 
astronomy; and we hjue been induced to notice them at pre¬ 
sent, chiefly in order to '•uj>])l^ .i defect in the original work. 
We shall cndeaiour to e\])l.un to our reader-, the physical cause 
of these interesting ])hen»))n<'na ; though, without the aid of ma¬ 
thematical reasoning, any explanation, however simple, must be 
impcrfc''t and un>alisf{ict<»rj. 


On flic Aberration of the Stars. 

✓ 

While Dr. Bradley was engaged in a series of ob- Abemtion of 
servations to determine the parallax of the EarthV 
annual orbit, or the angle which the Kartlfs orbit subtends at 
any fixed star, he discovered a change in the places of -orae of 
tile stars, winch he culled their Aberration, and which he afler- 
vtards found to aris** from the motion of light, combined with 
the annual motion of the Karlh in its orbit. 

In order to understand how the'-e motions combined phte v. 
should produce a change in the places of the stars, 1* 

let a, h, c, d, e, represent the path of a particle of light emitted by 
t he star S, and pel pendicuLir to the plane of the Kartlfs orbit A B 
C D, and let us supjvose tlie telescope 1 m to be carried along Tjfith 
tlie Earth, in its annual orbit A B C D. That an observer, 
looking through the telescope, may see the star S, he must not 
direct the telescope to the place S, where the .star really is, but he 
must incline it to the direction of the light which comes from 
the star, and mus t poi rft it toward.s s, so that the star will ap¬ 
pear at "/histcad of at S, having S s for its aberration, or the 
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difference between its true and apparent place. In order to 
prove this, let us suppose that the velocity of the Earth in its 
orbit A B C D, is the same as the velocity of light; that the te¬ 
lescope is in the position 1 m when the particle of light is at a, 
and that, while the particle moves from a to ft, from ft to c, from 
c to d, and from d to t', the telescope moves through the equal 
spaces, 1, 2; 2, 3; 3, 4; 4, 5, respectively. The moment the 
telescope has reached the position 2 the particle will have 
arrived at ft, and, by means of it, the star will be visihle through 
tlie telescope. When the telescope has advanced to the po.sition 
3 0 , the particle of light will have arrived at c, and, by means 
of it, the star will still be visible through the telescojK?. In the 
same manner, when tlie telescope has successively reached the 
positions 5 q, the particle will have ai*rived at d and c, suc¬ 
cessively, so that the particle of Uj;ht lia^ ically moved along 
the axis of the telescope, without touching its sides ; and, coji- 
sequcntly, the star S, from which the ])article of* light was emit¬ 
ted, must have been visible in the direction of the tube’s axis, 
and must have appeared in the heavens somewhere about As 
the velocity of light is supixjscd t<» be equal to the Earth’s an¬ 
nual motion, tlie inclination of the telescope to the path of the 
particle a, ft, c, </, c must be 45°, and tlie aberration of the star 
45°; but since the real velocity of light is nearly 10,313 times 
greater than that of the Earth in its orbit, the inclination of the 
telescope will require to be only 20", to allow the particle of' 
light to pass freely along its axis, and consequentIj S ,y, the 
aberration of the star, will be only 20". 

It is manifest, from the explanation no\^ given, that the aber¬ 
ration is always in the direction in ivliich the tele''Cope or the 
Earth is moving. Thus, in tlie progress of the Earth along the 
side of its orbit A B, the alierration M ill he in the direction S .s ,• 
when the Earth is moving from B to C, at right angles, to its 
former direction, the aberration will be 8 / ,• when tlie l<larth is 
moving from C to D, the aberration will be S f, and when it is 
"moving along D A, the aberration will bo S w. Now S a *, S /, 
S V, S zc;, are each 20", and consequently the star will describe 
a small circle in the heavens, & tvw, 40" in diameter. Since s 
is the apparent place of the star, when the Eartli is between A 
and B ; < its apparent place, when the Earth is between E anti 
A; its ap|)arent place, when the Earth is at N'; and zo its 
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ap])arcnt plaA*e, when the Barth is at F: it follows that the star 
S will always appear 90° farther advanced in its small circle s t 
V w, than the Earth will be in its own orbit. 

Hitherto we have supposed that the .star S is in pjate V. 
the pole of the ecliptic A B C D, and consequently 
that the path a b c d e of the particles of light emitted by tin 
star io at right angles to tlie motion of the Earth in its orliit; in 
which case the aben*ation will be greatest, and will always be 
20". If the .Slav is situated at I* in the plane of the Earth’s 
orbit, or in the })lane of the ecli})tic, and if the Earth is at E, 
moving in the dirt-etiou E G, at right fuigles, nearly to E P, 
the aberration will be 20", as formerly, and the star will appear 
in tlie heavens at w. During the pr(»gress of the Earth from G 
to N, the direef’on of its motion is gradually becoming more 
obJi(|ue to tlu {1 light emitted by the star, and conse- 

tjuently ihe ab^ii.'ion will gradually diminish, and tlie star 
vill appe.u* nearer and nearer Us liue plate, till the Earth ar¬ 
rives near N. mIicii the aherratiou will \anish, as the Earth and 
the light of the star are both moving in the same direction. 
While the Earth is moving from N to F, tlie aberration will 
gradually increase in the opposite direction P r; and when the 
Earth arrives at P, it will again be 20", and the star will ap¬ 
pear at r, tlie direction of the light of the star being now at 
right angles to the ))ath of the Earth. During the progress of 
the Earth from F to M, the aberration will again diminish, and 
vanish at M ; and during its motion from M to C, it will again 
increase, and reath Us maximum at E. From this we may con¬ 
clude, that the aberration of a star situated in the plane of the 
cc'liptic is the greatest jiossible when it is in opposition and con- 
junetion with the Sun, and that it vapislies when the star is in 
the quadratures. Between the quadratures and the conjunc¬ 
tions and <ij>positions, the aberration varies as the sine of the 
star’s distance from the quadratures. When the star is placed 
in the |K)1c of the eclijUic, or iu the ])lane of the eclijrtic, the 
aberration, being always in die direction of the EarUi’s motion, 
will consequently l)c in the diiei’lion of die ecliptic, and will 
therefore affect only the longitude of the star, and its right as¬ 
cension and declination. Ifthestai, however, is aliove or lie- 
low die ecliptic, anil ^ in its pole, its latitude will also be af¬ 
fected ; but, in all casi^s, .the aberration will be greatest Avheii 
the afar‘is in op|)o&ition and conjunction, and least when it is in 
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quadrature, with the Sun. The aberratibn, however, will not 
vanish in the quadratures, as the Earth and the light of the star 
can never move in exactly the same, or in exactly the op|)osite, 
direction, unless wlien it is situated in the ecliptic. 

Aberration of places of the planets are likewise changed 

the ^rt«. by the combined motion of the Earth and the light 
S'l^Fifr *2. which they emit. Let .1 iipitcr he supposed immove¬ 
able at 0, and let B A be the space described by 
the Eartii in the time that the light of Jupiter moves from 
O to A, or rather the relative motion of the Earth and Ju¬ 
piter in that time; then it is obvious that when the Earth has 
reached 5, the light of Jupiter will have arrived atdand when- 
ihe Earth has arrived at A, the light \nll be at A, so that B O 
or b d will be the direction in ivhich the planet is seen, or the 
direction in which a telescope carried along m ilh the Earth must 
be placed, in, order that the light of Jupiter may alvavs move 
along its axis. When the Eaith is at 6, Jupiter will conse¬ 
quently appear at o, instead of 0, so that its aberration O o is 
equal to the space B 6, described by the Earth in the time that 
the light moves from O to rf. * When the Earth arrixes at A, 
Jilpiter will appear at o', and his aberration O o' will be equal 
to the space B A, described by the Earth in the time that his 
light moves from O to A. Since light employs 8' 7" to come 
from the Sun to the Earth, and since the Earth moves through 
20" in that time, the aberration of the Sun will be 20". In the 
same way, we shall have, for the greatest aberration of the other 
planets. 


Sun,. 


Mercury.. 


Venus,.. 

. 43^ 

Man..#*. 



Ceres,. 32' 

Jupiter,. 29 

Saturn,. 26 

Georgium Sulub,. 25 


These numbers will vary with the elongation of the planets 
from the Sun, and with a variation of their position in their own 
orbits^ 

• ^ 

A full account of the history of thu discovery will be found in the Eduiburgh 
Encyclopspdia, Art. Aberratton, 
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On the Precession of tJte Equinoxes. 

We have already seen (vol. I, §1247), that the p^eggi^n 
two opposite points, where the ecliptic and equator of the 
intersect each other, are called the Equinoctial Points^ 
and the line which joins them the Line of the Equinoxes. These 
points are not stationary in the heavens, but retreat along the 
ecliptic, contrary to the order of the signs, at the rate of 5()".3 
in a year, so that they perform a whole revolution in the hea¬ 
vens ill about 2(),000 years. Since the longitudes of the stars, 
therefore, arc reckoned from the vernal equinoctial point, and 
since this point recedes on the ecliptic, the longitudes of the 
stars must increase 50".ii every year. The cause of this singu¬ 
lar phenomenon we sliall no^\ t'luleavour to explain. 

Let N S be the Earth, N its north, and S its ]»iate V. 
south })(*le, M the equator, inclined to the plane 3* 

of the MiK'n’s orbit A 15, and ab h the meniscus of redun¬ 
dant matter at the equator, by which the globe of the Earth 
excevds an accurate sjihcre. I^et the Moon now move round 
the Earth sujqxiscd at rest, and it will act ujion the redundant 
matter ^ 6 d, <e/3 in the direction of lines drawn to the Moon, 
from each particle of the redundant matter. Thus, if the Moon 
i- at M, its action on the particle at /E will be in the direction of 
/E M ; and tliis force may be resolved into two, one in the di¬ 
rection .E N, jiamllol to the Moon’s orbit, and the other in the 
'direction M 1*, perpendicular to the plane of the Moon’a orbit. 
In the same way, it may be shewn, that in whatever part of her 
orbit the Moon is, the force w ith which she attracts each parti¬ 
cle of redundant matter, whether in the inferior meniscus « /3 5 
or in the sujicrior meniscus aid, may be flccomposcd into two 
forces, one of which draws the particle in a direction parallel to 
the plane of the Moon’s orbit, while llu' other draws the particle 
down to the plane of the Moon’s orbit. The forces which act 
parallel to the plane have obv iously no tendency to alter the dis¬ 
tance of the particles from the jilane; bul those which act per¬ 
pendicularly have a direct tendency to di aw the particles down 
to the plane, and thus tydiminish the angle M C M, or the in¬ 
clination of the Eartlis equator to the plane of the Moon’s or¬ 
bit, the* intersection C suffering no change ol‘ jwsition. 
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Plate V. Let U8 now sup)X)se the Earth to be put in motion 
Fig. 4. round its axis, then all the particles of the redundant 
matter will receive a motion parallel to the equator JR JE. Let 
tlie particle iE, moving in the direction JR ,C, be drawn to¬ 
wards tlic plane of the Moon’s orbit, by a force which would 
make it describe the space JE P in the same time that the par¬ 
ticle itself, by the diurnal motion of the Earth, would descril)e 
the space M T. Draw T c parallel to ^ P and 1* e parallel 
to iE T, then M e will be the direction in which the particle 
will move, when acted upon by the two separate forces JR ]*, 
JE T. Hence it will cut the ecliptic in the })oint c at a greater 
angle than it did before, and proceed in the direction JE c T'. 
The equinoctial point, therefore, which was formerly at C, will 
have moved backwards to r, and the inclination of the equator 
will be increased, while the particle is moving towards the equi- ’ 
noctial point c. When the particle has passed the point c, it is 
still drawn to tlic plane of the Mtnm’s orbit. Let us suppose it 
at M', and that the force drawing it to the plane of the Moon’s 
orbit would make it describe the space M' P', in the some time 
that it is carried from JE' to T' by the Earth’s motion ; tlicn, in 
virtue of these two forces, it will move in the direction JE' e', 
as if it had come from c'. The equinoctial point r, therefore, 
has moved still farther along the ecliptic, in the same retrograde 
direction, the recession having been C c while the particle was 
moving from JE to r, and c c' while it was moving from c to e[. 
We have already seen, that the inclination of th6 path of the 
particle, in its passage from JE tu c, was increased from the 
angle JBl C B to the angle JE c li; but, in its passage from c 
to its inclination has diininislicd from the angle JE' c A to 
the angle e' c' A; so that, upon the whole, the Moon’s inclina¬ 
tion has not su^ered any change, having been increased in the 
one case, and diminished in the other. The action of the Moon 
upon every other particle of redundant matter will produce si¬ 
milar changes; and heuce it iollows, that the action of the 
Moon upon the equatorial parts of the Earth produces a recesu 
sion or precession in the equinoctial points. The space C (f is 
the precession during one revolution of the Moon, which tloes 
not exceed 3". The whole effect preduced by the Moon dur¬ 
ing a year is 85".2. The Sun will evidently act iqxin the 
equatorial parts of the Earth in a similar manner, and will pro¬ 
duce a similar effect; but, on account of the great distance of 
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. this luminary, the precession occasioned by its action is only 
15".l, the whole precession arising from the combined action of 
the Sun and Moon being 50".2 every year. 

On the Nutation of the Earth^s Axis. 


In observing the declination of y Draconis, and onthenuta- 
«)tluT stars, Dr. Biadlcy perceived a change in their turn of the 
declination, for which he long attempted to discover ® 
a cause. He found, however, that such changes were chflerent 


in (hflerent years, and that they seemed to depend on the poa- 
tion of the Moon's nodes. 


•If the angle C M, which the Earth’s axis pinteV. 
makes with die plane of the Moon’s orbil, hfid been •*■’*«• 3. 
always the same, as it would have been if the Moon’s nodeshad 
been stationaiy, then the precession of the equinoxes would 
have been uniform, and the Earth’s axis would always have 
pointed to the same part of die heavens. But since the Earth's 
equator is inclined 23^* 3(y to the ecliptic, and since the Mexm’s 
orbit is also inclined about 6° Sff to the ecliptic, the Mexm’s 
orbit must, in certain positions of her ncxles, be inclined about 
29° to the Earth’s equator, and in other positions 18°; and 
during 18 years, the time in which her nodes perform a com>- 
pletc revolution, the plane of her orbit will have every possible 
inclination to the Earth’s equator between the limits of 18® and 
29°. Now, it is manifest, from Fig. 3, diat die force M P, by 
which the particles of redundant matter are attracted to the 
plane of the Moon’s orbit, must increase or diminish with 4he 
angle iE C M, the angle which the equator forms with the 
Mexm’s orbit. If this angle remained constant, the precession 
would remain eonstant, and die obliquity of the ecliptic would 
also be invariable; but since the angle ./E C M varies, in the 
course of 18 years, fiom 18° to 29°, and from 29° to 18°, the 
perpendicular force P is always increasing and diminishing; 
and hence there is not only an irregularity in the precession of 
the equinoxes, but also a nutation of the Earth’s axis, or a 
change in the obliquity of the ecliptic. The force iE P, there¬ 
fore, increasing for nine y^ars, will produce a change of inclina¬ 
tion, or a change in the ,Angle iE C M, which is not counter- 
acted by another change of an equal and op;[K)site kind; and os 
it will diminish during the next nine years, the inclination will 
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also increase till it reaches its former magnitude. 'I'his vana> 
tion will amount to 18" at the end of 18 years, the Earth’s axis 
having described a small circle in the heavens, about 9" hi dia¬ 
meter. By this nutatiipn of the Earth’s axis, the equator will 
change its place in the heavens; and, consequently, the decli¬ 
nation of the fixed stars will increase and diminish during every 
revolution of the Moon’s nodes. 


On the Dimiiintion of the Obliquity of the Ecliptic. 

The obliquity of the ecliptic to the equator was 
Diminution , • i ^ ^ i 

of the Obli- tong considered as a constant quantity ; and even 

^iiyofdic late as the end of the 17th century, the difTerenee 

betw een the obliquity, as determined by ancient and 

modern astronomers, w !is generally attributed to inacc-urucy of 

observation, and to a want of knowledge of the parallaxes and 

refraction of the heavenly liodies. It appears, however, from 

the most accurate modern observations, made at great intervals, 

that the obliquity of the ecliptic is diminishing ; and the theory 

of universal gravitation fortunately supplies us with a .atisfae- 

tory explanation of the phenomenon. 

While the Earth is revolving in the plane of the ecliptic, it is 
acted upon by all the jilancts of the solar sv stem. The action 
of any of the planets, wlicn they are situated in the plane of the 
ecliptic, has a tendency only to alter the Earth’s gravity to the 
Sun, or to accelerate and retard its motion ; but as all the pla¬ 
nets move in orbits inclined to the eelij^tic, their action upon the 
EarUi tends to bring the Earth towards the plane of their or¬ 
bits, in the manner whicli we have already explained, vvlien 
treating of. the prcce'fesion of the equinoxes. The effect of this 
action, thereliire, is to displace the ecliptic, or diminish the in¬ 
clination of the Earth’s orbit to the plane of the orbit of the 
planet; but while the Earth’s orbit is thus changing its posi¬ 
tion, the equator of the Earth is sustaining no change, and 
consequently there will be a variation in the obliquity of the 
ecliptic to the equator. Along with this variation, there will also 
be a small precession in the etiuinoctial points. These changes, 
however, are very small, and scarcely ^lecome apparent till after 
the lapse of ages. According to La GiVingc, tht' dirnimilioii in 
tile obliquity of the ecliptic aud the procession ol' the ecpiinoxe*- 
produced by the different planets in a century are. 
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Var< in Obliquity. Prectaaiunt 


Mneury.. 

Venus..... 

. 3(> .88 

+ 

4 . 

0".86 
8 .87 
0 .95 
2 .11 

Mars,. 

. 1 .03 


Jupiter,. 



Saturn,.... 

. 2 .39 


0 .53 




Total effect,... 


+ 

8".03 


By comparing about 160 observations of the obliquity of the 
'Ccliptic, made by ancient and modern observers, with the obli¬ 
quity of 23° 28' 16", as observed by l^bias Mayer, in 1756, 
we have found, from a view of all the results, that thi* diminu¬ 
tion of the obliquity of the ecliptic, during a century, is 51"; a 
result which accords wonderfully with the best observations. 


Description of a Machine Jbi ej-hlhiiing' the Pteccssion of the 

Equinoxeii. 

A very ingenious machine, which is represented in Plate 
VIII, Sup. Fig. 1, was contrived several years ago by M. 
Bohnenberger of Tubingen, for exhibiting experimentally the 
phenomenon of the precession of the equinoxes. Upon the 
pedestal II there is firmly fixed, by means of screws, a vertical 
ring of brass A B A second ring C D is connected with A B, 
by means of the pivots a b, so that it may move with as little fric¬ 
tion as possible round the vertical axis a b. To the ring C D a 
third ring E F is joined by means of two pivots cd {d being in¬ 
visible to the eye), in order that the ring E F may revolve with 
facility round a horizontal axis, passing through c d, and at right 
angles to that which passes througli ab. A spheroid K represent¬ 
ing the Earth, and having m n dor its equator, and e f for its 
axis, is made to revolve uj)on an axis cfaX right angles to c d. 
The spheroid K must be constructed with great care, in such 
a manner that its matter is uniformly distributed, both m 
relation to its axis and to the equator, and with this view there 
is a ring of lead of uniform density and shape placed within it, 
and coincident with the equator m n. This uniformity in its 
density is a jxiint of grea/imporlancc, as the existence of a hol¬ 
low space in the lead products an irregularity in tlie motion of 
iJic spln'toid. When the machine is thus constructed, it is ob- 
«VOL. II. Q 
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vious» that the axis efoi the globe K may be made to take 
every possible position with regard to a horizontal plane. 

Upon the axis cy’there is placed a cylinder,'part of which is 
seen to the left hand of^ and by coiling a silk thread round 
this cylinder, and holding the rings C D, E F, steadily with 
the left hand, the globe K may be thrown into a state of quick 
rotation, by pulling the thread smartly witli the right hand. 
When Uiis is done, the axis ef will maintain an invariable jk)- 
sition, even if we lift the machine off* the table, and carry it 
about the room; and if we apply any gentle force to the ring 
E F, with the view ^ changing its inclination, we shall find 
that it has a strong tendency to resist any change of position. 

The machine in this condition may represent the Earth re¬ 
volving round its axis, and uninfluenced by any external action. 
But if we now attai’h to the ring E F a weight G, by fi' ing it 
at the points^, /#, and then })ut the globe K into a state of ra¬ 
pid motion, w'c imitate the action of the Suii and Mt>on upon tlu 
equatorial parts of the Earth, which have a constant tendency 
to disturb its regular rotation. The conse<iucnce of the a|»- 
plication of this weight will be to produce a slow conical mo¬ 
tion of the axis cy*tound the vertical axis a h; and the node or 
the point of intersection of the equator m w, and a itori/ontal 
plane, representing the ecliptic, will move uniformly in a di¬ 
rection contrary to that in which tlie globe K revolves. A full 
account of this machine, by Bohnenberger himself, will be found 
in Tubing&n Blatter, 1817, hi Bandes, p. 72, and in <i m.t- 
thcmatical investigation of its theory, by Poisson in the Joia^ 
nal dc TEcde Polytechnique, tom. ix, cap. 16, p. .247 


CHAP. X. 

ON fOMKTS. 

Comets are a class of celestial bodies, which appearoccasionaliy 
in the heavens. They exhibit no vi.sible or defined disc, but 
shine with a pale and cloudy light, accompanied with a tail or 
ttain turned from the Sun. They .i^rc found lu every ^jart of 
the heavens, and move in all possible^ directions. 

When examined through a good telescope, a comet resemble^ 
a mass of aqueous vapours encircling an opaque nucleus of dif- 
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fercnt degrees of darkness in difibrcnt comets, though some- 
tiiiics, as in the case of several discovered by Dr. Herschcl, no 
nucleus can bo seen. As the comet advances towards the Sun, 
its faint and nebulous light becomes more brilliant, and its lu¬ 
minous train gradually increases in length. When it reaches 
iN j)crihclion, the intensity of its light, and the length of its 
tail, reach their maximum, and sometimes it shines with all the 
lustre of Venus. During its retreat from the perihelion, it 
is shorn of its splendour, it gradually resumes its nebulous ap- 
pcarauee, and its tail decreases in magnitude till it reaches such 
a (listaucc from the Earth, tliat the attenuated light of the Sun, 
which it reflects, ceases to make an impression on the organ of 
sight. Traversing unseen the remote portion of its orbit, the 
eoinet wheeN its ethereal course far beyond the limits of our 
s>stem. What region it there visits, or ujkjm what destination 
It is sent, the limited powers of man are unable to discover. 
After the lapse of years, we ])erceive it again returning to our 
System, and tracing a portion of the same orbit round the Sun, 
which it had fonncrly described. 

It would be a waste of time to detail the various wild and 
t'xlravagant opinions \Vhich have been entertained respecting 
these interesting star.s. During the ages of barbarism and su- 
persiititin, they w’ere regai’dcd as the harbingers of* awful con¬ 
vulsions, both in the political and in the physical world. Wars, 
])cslilciice, and famine, the dethronement of kings, the fall of 
nations, and the more alarniing convulsious of the globe, were 
tlu‘ dreadful evils wliich they presented to tlic diseased and 
terrified imaginalious of men. As the light of knowledge dis- 
sljiated these gkanny appreliensions, the absurdities of licen¬ 
tious s})eculatioii supjilied tlieir place, and all the ingenuity of 
conjecture was exhauslod in assigning some rational ofliee to 
these wandering planets. Even at the beginning of the 18th 
century, the friend and eoinpuiiion of Newton regarded them 
as the abode of the damned. jVnxious to know more than what 
is repealed, the fancy i>f‘ speculative Uicologians strove to dis¬ 
cover the frightful regions in w hich vice was to suffer its me¬ 
rited puiiishnient; and the ijt^erior caverns of the Earth haul, 
in genera], been regarded ^ the awd’ul prison-house in which 
the Almighty was to dispense the severities of justice. Mr. 

however, outstripped all Jiis ^iredeccssors in fertility 
of invention. lie pretcndtvl not only to fix the residence ()f 
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the damned, but also the nature of their punishment. Wheeled 
from the remotest limits of the system, the chilling regions of 
darkness and cold, the comet wafted them into the very vici-. 
nity of the Sun; and thus alternately hurried its wretched 
tenants to the terrifying extremes of intolerable cold and de¬ 
vouring fire. 

By other astronomers, comets were destined for more scien¬ 
tific purposes. They were supposed to convey back to the 
planets the electric fluid which is constantly dissipating, or to 
supply the Sun with the fuel which it perpetually consumes. 
They have been regarded, also, as tlie cause of the deluge ; 
and we must confess, that if a natural cause is to be sought for 
that great event, we can explain it only by the shock of sonic 
celestial body. The transient effect of a comet passing near 
the Barth could scarcely amount to any great convulsion ; but 
if the Eartli were actually to receive a shot'k from one of these 
bodies, the consequences, as La Place has shewn, "would be aw¬ 
ful. A new direction would be given to its rotatory motion, 
and the globe would revolve round a new axis. The seas, for. 
sakingthdr ancient beds, would be hurried by their centrifugal 
force, to the new equatorial i egions; islands and continents, 
the abodes of men and animals, would be co\ercd by the uni¬ 
versal rush of the waters to the new equator, and c\ery vestige 
of human industry and genius at once destroyed. The chancts 
against such an event, however, arc so very numerous, that there 
is no dread of its occurrence. 

Various opinions have been entertained by astronomers re¬ 
specting the tails of comets. These tails sometimes occupy an 
immense space in the heavens. The comet of 1681 stretched 
its tail across an arch of 104 degrees; and the tail of the comet 
of 1769 subtended an angle of 60° at Paris, 70° at Boulogne, 
97® at the isle of Bourbon, and 90® at sea, between Teneriffb 
and Cadiz. These long trams of light ivere supposed by Ap- 
pian. Cardan, and Tycho Biahc, to be the light of the Sun 
transmitted through tlie nucleus of the comet, whidi thtey be¬ 
lieved to be transparent like a lens. Kepler thought that the 
impulsion of the solar rays drove,away the denser parts of the 
comet's atmosphere, and thus forjped the tail. Descai'tes as¬ 
cribes the tail to the refraction of light by the nucleus. New¬ 
ton maintained that it is a thin vapour raised by the heat of tjie 

Sun from the aimet. Euler asserts that the tail is occasioned 

2 
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by the impulsion of the solar rays driving off the atmosphere 
of the comet; and that the curvature observed in the tail is the 
joint effect of this impulsive force, and the gravitaticpi eff the 
atmospherical particles to the solid nucleus. Mairan imagines 
that comets’ tails are portions of the Sun’s atmosphere. Dr. 
Hamilton of Dublin supposes them to be streams of electric 
matter; and Biot supjwses with Newton that the tails are va¬ 
pours produced by the excessive heat of the Sun; and also that 
the comets arc solid bodies before they reach their perihelion, 
but that they are afterwards either partly or totally converted 
into vapour by the intensity of the solar heat. 

In the early agCvS of science, the comets were regarded as aii 
assemblage of small stars that had accidentally coalesced into 
one body ; and afterwards they were belie^ ed to be simple me¬ 
ters or exhalation-* generated by inflammable vapours in the 
Earth’s atmosphere. A few of the ancient philosophers enter¬ 
tained more correct notions of the nature of comets. Somp of 
thetn considered these bodies as a species of planets that moved 
in regular orbits beyond the region of the Moon; but this was 
only a sagacious conjecture which they had founded neither on 
observation nor analogy. It was not till the time of Tycho th^t 
actual observation was called to the aid of theory, and that any 
well-founded opinion was maintained. By observing the comet 
of 1577, he found that it had no dturnal parallax; and that 
i( was therefore situated at a much greater di^uce than the 
Moon. Kepler, who at first thought that they described recti¬ 
lineal paths, afterwards endeavoured to shew that their orbits 
were parabolic and concave towards the Sun. Hevelius enter¬ 
tained the same opinion; but it was left for Sir Isaac Newton 
to show, that comets revolved like planets round the Sun, in 
eccentric ellipses, stretching far beyond the limits of the solar 
system, as is represented in Plate I, Sup. where the aphelion 
of the orbit is not drawn on iiccount of its great distance 
from the Sun. 

Pursuing the opinion of Sir Isaac Newton, the ce- 
lebrated Dr. Halley collected^l the observations turn of co¬ 
upon comets, and calculateji the elements of 24 oi‘ 
them. He was so much strucl^ with the similarity between the, 
elegjawts oY the comets of 1456, 1531, 1607, and 1682, that he 
believed them to be the same comet that had performed three 
complete revolutions, between 1456 and 1682, with periods of 
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From 1531 \o IdO? ...76 yean 62 days. 

From 1607 to 1602.7^ yean 823 days. 


Hence he predicted that the same coniet would return in 1757 
or 1758; and that its period would be lengthened by tiie ac¬ 
tion of Jupiter and Saturn. 

This curious subject was taken uphy Clairaiit, who computed 
the separate effects produceil by Jupiter and Saturn ou the mo¬ 
tion of the comet of 1682. He concluded that the attraction 
of Jupiter ought to lengthen its period 510 days, while that of 
Saturn should only lengthen it 100 ; and that instead of 1 1 
years and 323 days, its period should be 76 jears and 211 da} s. 
As the comet, therefore, passed its perihelion on the llth Sep 
tember 1682, it ounlit, by this calculation, to leaili llie suik 
point of its patli on the IStli of April 1759. Tlie appe.uaiui 
of this comet was therefore eagerly anticipated .is a pheiioiiu*- 
non which would establish on an immovt'ablo b.isis iht llieou 
of universal gravitation. It accordingly appealed about th 
end of December 1758, and arrived at its pciihelioii on tlu‘ 
13th*of March, only 30 days hcfoie the time fixcal b} (M.iiiaiit 
By repeating his calculations, he aftirw.ards reduced this eiioi 
to 19 days. 

The comet of 1815, which reached its perihelion on the 2Glh 
April, appears also to ravolvc in .an elliptical orbit, wliosi 
greater axis is dess than that of the Georgiuni Sidus, .and less 
even than that of the comet of 1759. The period of its side¬ 
real revolution is about 73 years, so that it may he expected to 
reappear in the year 1888. 

Comet of The comet of 1770 appears to have experienced 

1770 . very remarkable changes from the action of the pla¬ 
nets. According to Pingre, it moved in an orbit whose major 
semiaxis was 3.14786, and liad a period of 5 i3 years. Tin* 
calculations of Lexcll make its major semiaxts 3.11786, andiits 
pericxl 5.585 years. As this comet h.is ne\cr been seen since 
1770 , tile National Institute ^cry lately reciuestcd Mr. Burck- 
hardt to repeat all til'' caleulaus^is with the utmost care ; and 
■•the result of his labour has been i., complete confirmation of tlie 
elements olitained by Lexcll. He found its major scniiaxis to 
3.14359, and its period 5.575 years. What has'becoir'',of this 
comet it is cUihcult to say. The aphelion part of its orbit is iioc 
far beyond the orbit of Jupiter. It approaches as near tc4he 
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Earth as the Moon, and ou^ht to have appeared about eight 
times aince the year 1770. 

We arc unwilling to hazard a conjecture ypon a ^ 
subject like this; but the circumstances are so re- the of the 

niarkably curious, that we hope to be pardoned for 
indulging in speculation. In Chapter II, we have 
shew n that the four new planets are the fragments of a large 
celestial lx>dy which once existed between Mars and Jupiter; 
and we have adduced several arguments to prove that this Ixidy 
may have burst by some internal convulsion. If tliis body had 
an atmosphere, each of the four ^fragments would obviously 
carry off a pt»rtion of it, according to their respective magni¬ 
tudes ; but it is a very singular circumstance, that while two of 
the fragments, Juno and Vesta, arc entirely free from any ne¬ 
bulous ap}K‘arancc, the other t^^o fragments, Ceres and Pallas, 
.'ire surrounded with a nebulosity of a most remarkable size. 
In the case of Ceres, this nebulosity is 675 English miles high : 
w liilo till' nel)ulo.sity of Pallas extends 468 miles from the body 
of the planet. It is obvious that such immense atmospheres 
could not have been derived from the original planet, otherwise 
Juno and Vesta would also have been encircled with them ; so 
that they must have been communicated to Ceres and Pallas 
since the planet was burst. Now, the comet of 1770, if it is 
lost, mu.st have been attracted by one of the planets whose orbit 
It crossed, and must have imparted to it its nebulous mass ; but 


none of the old pl.ancts have received any additimi to their at¬ 
mosphere ; consc(|uently, it is highly probable that the comet 
has passed near Ceres and Pallas, and imparted to them those 
immense atmospheres which distinguish them from all the other 
planets. We have not room to detail the other arguments in 
••iipport of this theory, which may be drawn from the position 
of the orbits of the comet and the two planets. • 

A very large and interesting comet appeared in Comet of 
the year 1811, and reached its pcrilielion on the 12th 
September. M. Schroi'ter found the apparent diameter of its 
nucleus to be 1' 49", or 10,9><9 geographic miles. In the centre 
of tins nucleus, be distin^ished another nucleus, smaller and 
more Imninousf tlie apparent diameter of which was ]6".97, or 
l.fjQT-m^lcs. .This central part was surrounded with a particu¬ 
lar kind of atmosphere, and also with a luminous nebulosity. 
Thd total apparent diameter of the head of the comet was 
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34f' 12", or 2,052,000 niilos. The ^'eatest apparent length of 
the tail was 18®, or 131,852,000 miles. -w 

Comet of A remarkable comet was discovered at Marseilles 
181.9. Pons, on the 26th November 1818, in the 

constellation Pegasus. It h.id a diameter of 5 or 6 minutes, 
and WPS easily seen through a night telescope^ As the para¬ 
bolic orbit computed for it by M. Bouvard did not represent 
the observations with sufficient xiccuracy, M. Enke tried an 
elliptical orbit, and found tliat it reduced the error from 3' to 
30". According to this calculation, the period of this comet is 
only 3| years, and the larggr axis of its orbit a little smaller 
than that of Vesta, so that it may be regarded as a body of our 
own system, which never ranges beyond the orbit of .Tupiter. 

Upon comparing its orbit with that of preceding comets, 
astronomers find tliat the comet which appeared in 1786, 1795, 
1801, and 1805, must have been the* same comet which re-ap¬ 
peared in 1818-19. 

This remarkable body approtichcs nearer Mercury tlian any 
of the other planets, and as it must cross the Eartli’s orbit more 
than 60 times in the course of a century, there may be a sliglit 
probability of some collision between these two bodies. 

This comet will pass its perihelion on the 24th or 25th Ma^’ 
1822, the longitude of the perihelion from the mean etpnnox, 
on the 24th May, being 5’ 7° 12' 7", and the longitude of the 
ascending node 11" 4® 23' 40". It will not be seen in Europe 
in the spring of 1822, as it will be too faint in comparison 
with the evening twilight, nor can we ascertain if it will be 
visible vrith powerful telescopes in December 1821 or January 
1822. In the southern hemisphere, however, it will be visible 
as early as the 9th or 10th June 1822, and will lx; like a star 
'of the fifth magnitude. 

* 

- The elements of the greater number of comets that have been 
observed till the year 1820, amounting to 111, are contained in 
the following Table. The Arabic figures in the first column ac¬ 
companying the Roman numeriJs) point out the comets that re¬ 
semble one another. Thus, the n iniber 19 opposite to the 
year 1532 shews that the comet of that year is'-^hf same as the 
comet No. XIX, which appeared in 1661. ^ 

It will appear from a comparison of the numbers m the Table, 
1. That 24 comets have passed between the Sun and the i/rbit 
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of Mercury; 33 lietween the orbits of Mercury and Venus; 
21 between the orbits of Venus and the Earth; 16 between the 
orbits of the Earth and Mars ; 3 between the orbits of Mars 
and Ceres ; and 1 between the orbits of Ceres and Jupiter. 2. 
Tliat 32 comets have appeared between the months of April 
and Scj)tember, and 66 between September and April. 3. That 
the greater part of the comets have their perilielion nearest to 
their ascending^ uodc‘>. 4 That 50 of the comets move from 
we>t to ca‘*t, and not in the opposite direction. 6. That the or¬ 
bits of the comi'ts are not confined to any paiticular region of 
the heavens, like the old planets, but seem to be inclined at 
every possible angle to the ecliptic. This will appear from the 
following Table, which shews the number of comets whose in¬ 
clinations are Ik low every tenth degree. 


Inilinatiun of tl\e 
Orliits of tl\t (’o- 
ratts 

Number of Co¬ 
meth observed be > 
low every until 
Degree. 

Number calcul ittd 
upon the supposi¬ 
tion that they are 
uniformly distri¬ 
buted. 

Difference. 

10^ 

8 

105 


20 

19 

21 ; 


30 

26 

31 g 


40 

37 

m 

+63 

50 

47 

545 


60 

64 

G5l 

+li 

70 

80 

76| 

-3? 

80 

89 

875 


90 

98 

98 

0 
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ON COMETS. 


CII. X 


Table of the Elcm&nts of One Hivndred and Eleven Comets^ 
whuh have been observed and calculated till the Year 1820. 


Order of Uie 
Comets. 


Time when the ConiUs passed 
their Perihelion. Mean 
time at (rrecnvicli 

Distinct ol 
dinr Pen] 1 C- 
lion, that ut 
tile Darth 
bung 1. 

I, 

837 

Days. 

1 Match, 

h ' f 

0.58 

11, 

1231 

30 Januar)', 

7 12 39 

0 9178 

Ill, 

1264 

6 Jul}, 

7 50 39 

0 445 

IV, 

1299 

17 Jul}, 

31 March, 

6 0 39 

7 28 39 

0 41081 

0 3179 

V, 

1301 

22 Ott nearly, 


0 4 ">7 

VI, 

1337 

2 June, 

6 24 39 

0 40666 

49, 

1456 

1 June, 

8 June, 

0 30 39 
22 0 39 

0 6445 

0 5855 

VII, 

1472 

28 Fehruary, 

22 22 39 

051273 

49, 

1581 

24 August, 

21 17 39 

0 56500 

19, 

1532 

19 October, 

22 11 39 

0 50910 

VIII, 

1533 

16 June, 

19 29 39 

0.2028 

s, 

1556 

21 April, 

20 2 39 

0.16390 

IX, • 

1577 

26 October, 

18 44 39 

018312 

X, 

1580 

28 Novt'mber, 

13 44 39 

0.59553 

XI, 

1582 

7 May, 


0.23001 

XII, 

1585 

7 Oct N. S. 

19 19 30 

1.09358 

XIII, 

1590 

8 Feb. N. S. 

3 44 30 

0.57661 

XIV, 

1593 

18 July, N. S. 

13 38 39 

0.08911 

XV, 

1596 

8 August, 

15 33 39 

0.549115 

49, 

1607 

26 October, 

3 49 39 

0.58680 

XVI, 

1618 

17 August, 

3 2 39 

0 51298 

XVII, 

1018 

8 November, 

12 22 39 

0 37975 

xviii, 

1652 

12 No\eml>er, 

15 39 39 

0.84750 

XIX, * 

1661 

26 »l«muary. 

23 40 39 

0 44851 

XX, 

1664 

4 Dctemlier, 

11 51 39 

1 025755 

.XXI, 

1065 

24 April, 

5 14 39 

0 10649 

XXII, 

1572 

1 March, 

8 36 39 

0 69739 

XXIII, 

1677 

6 May, ^ 

0 36 39 

0.28059 

XX1\, 

1678 

26 August,^ 

14 2 39 

1.23801 

XXV, 

1680 

18 Deccmlier, 

0 

0.006030 

49, 

1682 

14 September, 

7 38 39 

0 58328 

XXVI, 

1683 

13 Jul>, 

2 40 39 

O.wOtlsO 
0.9(5015 1 

XXVII, 

1684 

8 June, 

10 15 39 
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ON COMETS. 


S35' 


Tabi b of the Elements of One Hvndi cd and Eleven Comets, 
nhich have been observed and cahtdakd fill the Year 1820. 


Years Direction 


1 ongitudc of their 
As(ending Nodes 

rirtcc of tliur 
Fenhelinn. 

Indination of 
their Orbits to 
ths Drbptic 

ft / 

/ 

• 

/ 

/ 

o / / 

() 2() 

0 

9 19 3 

0 

10 0 12 

0 13 30 

0 

4 

14 48 

0 

6 5 0 

5 19 0 

0 

9 31 0 

0 

36 30 0 

5 2H 45 

0 

9 

5 45 

0 

30 25 0 

3 17 8 

0 

0 

3 20 

0 

68 57 0 

0 15 iiLaily 

9 

0 10 

0 

50 ncarl). 

2 24 21 

0 

1 

7 59 

0 

32 11 0 

2 () 22 

0 

0 

20 0 

0 

32 11 0 

1 18 30 

0 

10 

1 0 

0 

17 56 0 

9 11 40 

20 

1 

15 33 

30 

5 20 0 

1 19 25 

0 

10 

1 39 

0 

17 56 0 

2 20 27 

0 

8 21 37 

0 

32 36 0 

4 5 44 

0 

1 

27 16 

0 

55 49 0 

5 25 1*2 

0 

9 

8 50 

0 

32 6 30 

0 25 52 

0 

4 

9 22 

0 

74 32 45 

0 19 7 37 

3 19 11 

55 

64 51 50 

7 0 0 21 

8 

5or9 1^ 

59 or 61 

1 7 42 30 

0 

8 51 

0 

6 *4 0 

5 15 30 

10 

7 

6 51 

30 

29 40 40 

5 11 14 

0 

5 

26 19 

0 

87 58 0 

10 15 36 50 

7 28 30 50 

52 9 45 

1 20 21 

0 

10 

2 16 

0 

17 2 0 

9 23 25 

0 

10 18 20 

0 

21 28 0 

2 16 1 

0 

0 

2 14 

0 

37 34 0 

2 28 10 

0 

0 

28 18 40 

79 28 0 

2 22 30 30 

3 

25 58 40 

32 35 50 

2 21 14 

0 

4 

10 41 

5 

21 18*30 

7 18 2 

0 

o 

w 

11 54 30 

76 5 0 

9 27 .3|[) 30 

1 

16 59 

30 

83 22 10 

7 2G 49 10 

4 

17 37 

5 

79 3 15 

5 I't 40 

0 

10 27 46 

0 

3 4 20 

9 1 57 

13 

8 

22 40 

10 

61 22 55 

1 21 16 30, 

10 

2 52 

45 

17 56 0 

5 23 23 

0 

2 25 29 30 

83 11 0 

8 28 15 

0 

7 28 52 

0 

65 48 40 
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CH. X. 


‘S36 


TjnLK of the Elements of Comets,—^continued. 


Order of the 
ComeU. 

Years 
when they 
appeared 

Time when the Comets passed 
their Perihelion. Mean 
time at Greenwich. 

Distance of 
their Fenhe- 
bon, that of 
the Darth 
being 1. 

XXVIII, 

1686 

Days. 

h / w 


16 Septemher, 

14 32 39 

0.32500 

XXIX, 

1689 

1 December, 

14 55 39 

0.016889 

XXX, 

1698 

18 Octobei, 

16 56 39 

0.69129 

XXXT, 

1699 

13 January, 

8 22 39 

0.75435 

XXXII, 

1702 

13 March, 

14 12 39 

0 64590 

XXXIII, 

1706 

SO January, 

4 55 39 

0 426865 

XXXIV, 

1707 

11 Dcccnibei, 

23 43 36 

0 85904 

XXXV, 

1718 

15 Januarv, 

1 15 15 

1.02565 

XXXVI, 

1723 

27 September, 

16 10 39 

0.99865 

XXXVII, 

1729 

25 June, 

23 June, 

11 6 39 

6 36 1 

4.26140 

4.0698 

XXXVIII, 

1737 

30 January, 

8 20 39 

0.22282 

XXXIX, 

1739 

17 June, 

9 59 39 

0.67358 

XL, 

1742 

8 February, 
8 "February, 

4\38 39 

4 21 9 

0.76568 

0.765555 

XLI, 

1743 

10 January, 
10 January, 
20 September, 

20 25 39 

21 15 36 

0.83501 

0.838115 

XLII, 

1743 

21 16 39 

0.52157 

XLIII, 

1744 

1 Maicli, 

8 16 59 

0 22206 

XLIV, 

1746 

3 Mar. 1747, 

7 10 39 

2.19851 

XLV, 

1748 

28 April, 

19 25 24 

0.84067 

XLVI, 

1748 

18 June, 

1 23 39 

0.65525 

XLVII, 

1757 

21 October, 

9 46 39 

0.3380 

XLVIII, 

1758 

11 June, 

3 17 39 

0.21535 

XLIX, 

1759 

12 March, 

12 March, 

12 March, 

13 31 39 
13 50 3 
12 48 15 

0.58349 

0.58490 

0.58360 

L, 


27No% 1759, 

0 2 36 

0.80139 

LI, 


16 Dec. 1759, 

21 3 39 

0.96599 

LII, 


28 May, 

15 17 39 

1.0124 



28 May, 

29 May, 

6 51 28 

0 18 27 

1.009856 

1.01415 

LIII, 

1763 

1 November, 

19 43 17 

0.49876 

LIV, 

1764 

12 Febru^y, 

13 42 15 

0.55522 

LV, 

1766 

17 February, 

8 40-39^ 

0,50538 

LVI, 

1766 

22 April, 

20 46 19 

0.3327A 

LVII, 

1769 

7 October, 

7 October, 

12 20 89 

13 36 52 

0.12^76 

0.12272. 
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OK COMET'). 
* 


237 


Table of the Element* of Comets, — cmtin’ued. 


Years 
when they 
appeared. 

Directum 
of their 
motion. 

Longitude of their 
Ascending Nodes. 

Plate of their 
Penheilion. 

Inclination of 
then Orbits to 
the Dcliptic. 

1686 

Direct, 

• • 9 99 

11 20 34 40 

■ • 9 99 

2 17 0 30 

0 9 99 

31 21 40 


Retrog. 

10 23 45 20 

8 23 44 45 

69 17 0 

1698 

Rctrog. 

8 27 44 15 

9 0 51 15 

11 46 0 


Retrog 

10 21 45 35 

7 2 31 6 

69 20 0 

1702 

Direct, 

6 9 25 15 

4 18 41 3 

4 30 0 

1706 

Direct, 

0 13 11 23 

2 12 36 25 

55 14 5 

1707 

Direct, 

1 22 50 29 

2 19 58 9 

88 37 lO 

1718 

Retrog 

4 7 55 20 

4 1 2() 36 

31 12 53 

1723 

Retrog 

0 14 16* 0 

1 12 52 20 

49 59 0 

1729 

Direct, 

10 10 32 37 

10 22 40 0 

76 58 4 


Direct, 

10 10 35 15 

10 22 16 53 

77 1 58 

n37 

Ducct, 

7 16 22 0 

10 25 55 0 

18 20 45 

1739 

Retrog 

6 27 25 1t 

3 12 38 40 

55 42 44 

1742 

Retrog. 

6 5 38 29 

7 7 35 13 

66 59 14 


Retrog. 

6 5 34 45 

7 7 33 14 

67 4 11 

1743 

Direct, 

2 8 21 15 

3 2 41 45 

2 19 33 

1743 

Retrog. 

2 8 10 48 

0 5 16 25 

3 2 58 4 

8 6 33 52 

2 15 50 
45 48 20 

1744 

Direct, 

1 15 45 20 

6 17 12 55 

47 8 36 

1746 

Retroff. 

4 27 18 50 

9 7 2 0 

79 6 20 

1748 

Retrog. 

7 22 52 16 

7 5 0 50 

85 26 57 

1748 

Direct, 

1 4 39 43 

9 6 9 24 

56 59 3 

1757 

Direct, 

7 4 4 0 

4 2 49 0 

12 48 0 

1758 

Direct, 

7 20 50 0 

8 27 38 0 

68 19 0 

1759 

Retrog. 

1 23 49 0 

10 3 16 0 

17 39 0 

Retrog. 

1 23 45 35 

10 3 8 10 

17 40 14 


Retrog 

1 23 49 21 

10 3 16 20 

17 35 20 

1760 

4 19 39 41 

1 23 34 19 

79 6 38 

1760 

Retrog. 

2*19 50 45 

4 18 24 35 

4 51 32 

1762 

Direct, 

11 19 20 0 

3 15 15 0 

84 45 0 

Direct, 

11 19 2 22 

3 14 29 46 

85 3 2 


Direct, 

11 18 55 31 

3 15 22 23 

85 22 21 

1763 

Direct, 

11 26 23 26 

2 24 51 51 

72 40 40 

1764 

Retrog. 

4 0 4 33 

0 15 11 52 

52 53 31 

1766 

Retrog. 

8 4 10 50 

4 23 15 25 

40 50 20 

1766 

^ Dircfct, 

2 14 22 50 

8 2 17 53 

11 8 4 

1760 

Direct, 

5 25 0 43 

2 24 5 54 

40 37 33 


Direct, 

5 25 6 33 

4 2i 11 7 

40 48 49 
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CH. X. 


ON COMETS. 


Table Elements (^Cmncts, — (ontiuucd- 


Order of the 
Comets. 

Years 
when they 
appeared. 

LVIll, 

1770 

LIX, 

1771 

LX, 

1771 

Lxr, 

1772 

LXIL 

1773 

LXIII, 

LXIV, 

1774 

1779 

LXV, 

1780 

i.xvr, 

1781 

LXVIl, 

1781 

LXVIll, 

1783 

LXIX, 

1784. 

LXX, 

1784 

LXXI, 

178.5 

LXXII, 

1785 

LXXIII, 

1786 

LXX IV, 

1787 

LXXV, 

1788 

LXXVI, 

1788 

LXXVII, 

1790 

LXXVIII, 

1790 

LXXIX, 

1790 

LXXX, 

1792 

LXXXI, 

1792 

LXXXII, 

1793 

LXXXIir, 

1793 

LXXXIV, 

1795 

LXXXV, 

1796 

LXXXVI, 

1797 

LXXXVll, 

1798 

LXXXVTTI, 

1798 

LXXXIX, 

1799 

XC, 

17‘)9 

XCI, * 

1801 


Timc when the Comets passed 
their Perihelion. Mean 
time at Greenwith. 


Days. 

14 AugU'st, 

0 

13 Augubt, 

12 

22 Nov. 1770,' 

5 

18 Aj)ril, 

22 

18 February, 

20 

5 Sej)tt>niber, 

11 

15 August, 

10 

4 January, 

2 

4 January, 

2 

30 September, 

18 

7 July, 

4 

29 November,' 

12 

15 November, 

1 5 

21 January, 

4 

9 April, 

21 

27 January, 

7 

8 Ajrril, 

8 

7 July, 

21 

10 May, 

19 

10 Novenil)or, 

7 

20 Nov ember, 

9 

17 January, ’ 

15 January, 

5 

28 January, 

7 

21 May, 

5 

13 Januaiy, 

13 

27 December, 

7 

4 Noveiiilrer, 

i 20 

18 November, 

i 15 

1.5 December, 

8 

2 April, 

19 

9‘Jiily, 

2 

4 April, 

11 

31 December, 

21 

7 September, 

5 

21 September, 

4 

25 December, 

18 

8 August, 

12 


4 3 
55 39 
38 39 

5 6* 
41 11< 

9 5^4 

46 14 

2 39 
15 9 

3 29 

31 59 

32 25 
44 . 2 

47 39 
7 25 

48 43 
58 51 
50 51 
48 39 
25 39 

4 21. 

5 39 
36 9 

46 54 
34 52 

47 6 
11 39 
28 39 
20 29 
45 45 
31 10 
58 16 
55 44 
31. 5 
25’ 0 
54 29 
50 39 


Gistame of 
jtheir Penile- 
lion, that oi 
the Earth 
beuij|r 1. 


0.6768931 
0.674581 
0.52824 
0.90576 
1.01815 
1.1339 
1.4286 
0.71312 
0.7132 
0.01)925 
0.775b61j 
0.9610J 
1.5653 
0.70786 
0 650.531 
1 143398 
0.427300| 
0.41010 
0.34891 
1.06301 
0.766911 
0.75 
0.75310 
1.06329 
0.79796 
1.29302 
0.96683 
0.40.S4 
1.5045 
0.2 4379 
1.57816 
0.52661 
0.48459 
0.77479 
0.84018 
0*82387 
0 . 2«^8 
0 . 2 € 



CU. X. 


ON COMETS. 


Fahle of the EUmcnts qfCohictSy — continued. 


Ycirs i of their Place of tfieir f 

mor. Ascending Nodes. Perihelion. 


1770 

1771 

1771 

1772 

1773 

1774 
1770 

1780 
J7bl 

1781 
J783 
17S1 
1781 
178/5 
178.3 
178G 

1787 

1788 
1788 
1790 

1790 

1790 

1792 

1792 

1793 
1793 

1795 

1796 

1797 

1798 

1798 

1799 

1799 

1801 


Direct, 

M.dist 3 148 
Retiog. 
Direct, 
Direct, 
Diret t, 
Duett, 
Direct, 

Uotrog I 

Diret t, 1 

lletrog. 

Diiect, 

lletrog. 

Retrog. 

Diret t, 


4 12 17 3 
4 12 0 0 

3 18 42 10 
0 27 51 0 
8 12 43 5 

4 1 15 37 
6 0 49 48 


11 26 
11 26 
6 28 
3 13 
3 18 
2 15 
10 17 


26 13 
16 26 
22 44 
28 13 
6 22 
.35 43 
22 1 


0 

25 

5 

51 

2 

21 

1,5 

11 

0 

25 

3 

57 

o 

21 

13 

M) 

4 

4 

9 

19 

8 

6 

21 

18 

2 

23 

0 

3b 

7 

29 

11 

25 

2 

17 

22 

52 

0 

16 

3 

28 

1 

24 

13 

50 

1 

15 

24 

46 

1 

26 

49 

21 

2 

22 

14 

24 

2 

26 

52 

9 

10 

28 

54 

57 

8 

24 

12 

15 

3 

19 

51 

56 

2 

4 

33 

36 

9 

27 

29 

33 

6 

14 

22 

40 

5 

9 

25 

36 

3 

16 

51 

36 

0 

7 

44 

9 

5 

7 

10 

38 

3 

9 

8 

27 

11 

21 

42 

15 

0 

23 

12 

22 

5 

22 

0 

0 

1 

28 

0 

0 

5 

26 

11 

46 

2 

0 

^4 

32 

8 

27 

8 

37 

3 

21 

44 

37 

1 

3 

11 

o 

rw 

9 

3 

43 

27 

6 

10 

46 

15 

1 

6 

29 

42 

9 

13 

14 

44 

4 

15 

52 

35 

3 

18 

29 

0 

7 

18 

42 

0 

6 

2 

20 

0 

2 

11 

0 

0 

11 

23 

14 

0 

5 

10 

29 

0 

0 

17 

2 

16 

6 

12 

44 

13 

10 

29 

15 

37 

1 

19 

27 

8 

4 

2 

12 

21 

3 

15 

6 

57 

8 

9 

30 

2 

1 

3 

35 

5 

3 

9 

27 

19 

0 

3 

19 

10 

3 

9 

34 

0 

0 

3 

36 

0 

10 

26 

27 

18 

6 

10 

14 

52 

1 

12 

8 

0 

6 

1 

1 

0 


1 ;')4 30 
1 33 40 

31 25 55 

11 15 20 
18 59 40 
61 25 21 
83 0 2.5 

32 24 0 

32 25 30 

33 48 5 
81 43 26 
27 13 8 
53 9 9 
51 9 12 

47 55 8 
70 14 12 
87 31 54 

50 54 28 

48 15 51 

12 28 20 
64 52 32 
29 31 0 
31 54 15 
56 58 13 

63 52 27 
39 46 55 

49 7 18 
60 21 0 

51 56 0 
22 10 0 

64 54 38 

50 40 34 
43 44 42 
42 14 52 
50 57 30 
50 52 30 
77 0 47 
20 20 0 
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ON COMSaS 


CH. X. 


Table of the Elemtnts of Comts^—tofuluded 


Order of the 
Comets. 

Years 
when they 
appearea. 

Time when the Comets passed 
their Fetihdion. Mean 
ume at Greenwich. 

Distance of 
their Perihc- 
hoB, that of 
the Larth 
being 1 

XCII, 

1802 

Days. 

9 September, 

h / // 

21 23 8 

1.09411 

XCIII, 

1803 

9 September, 

20 33 54 

1.0942 

XCIV, 

1804 

13 Feorudry, 

14 6 55 

1 07117 

xcv, 

1805 

18 November, 

3 5 6 

0 37862 

XCVI, 

1805 

31 December, 

6 12 40 

0 89193 

X^’VII, 

1806 

28 December, 

21 52 49 

1.08193 

XC’VIII, 

1807 

18 Sej)tembLr, 

17 50 27 

1 64648 

XCIX, 

1808 

12 July, 

4 1 33 

0 60786 

C, 

1810 

5 Octeibcr, 

19 44 55 

0 96914 

Cl, 

1811 

12 Sept * 

9 45 5 

1 03568 

CII, 

1811 

11 Novembei, 

4 21 1 

1 5852 

cm, 

1812 

12 hepUmbei, 

14 8 0 

0.78212 

CIV, 

1813 

5 Mdieli, 

16 .36 44 

0 67451 

CV, 

1813 

19 May, 

14 0 18 

1 21433 

CVI, 

1815 

26 Apul, 

13 10 0 

1 213 

evil. 

1818 

26 I’ebrudiy, 

26 0 0 

119878 

CVIII, 

1818 

5 December, 

0 0 0 

085643 

CIX, 

1819 

27 Jdfiuar), 

5 13 0 

2 2131t 

0 36247 

CX, 

1819 

28 June, 

11 38 0 

CXI, 

1819 
- - -_-L, 

26 June, 

10 26 0 

0.88117 


* Upon the supposition of sn elliptical orbit, M Be<i<!cl makes its period *1383 
years M Flauguergues, who dibcovered this comet, thinks it is that of 130l« 
Ste page 231. 

Half the greater aul Seepage 232. 
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ON COMETS. 
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Tahle of the Elements of Comets^ — concluded. 


Years 
when till y 
■“ppeared. 

Direction 
oi their 
motion. 

Lonritiulc of tlicii 
Ascending Nodi >. 

Phiic of their 
PciihelioD. 

Inclination of 
their (Irbits to 
the I'chpUe. 



» 


/ 

// 

i 

• 

f 

'> 

0 // 

1802 

Direct, 

10 

10 

1.5 

69 

11 

2 

9 

4 

57 0 47 



10 

10 

17 

0 

11 


8 

0 

57 0 0 

I sot 

Direct, 

5 

26 

17 

58 

4 

28 

44 

51 

56 28 40 

1S05 

Direct, 

11 

11. 

67 

19 

4 

27 

51 

28 

15 66 66 

mEm 

Diiect. 

8 

10 

6.6 

.65 

3 

19 

21 

51 

16 .60 62 

3806 

Detriio. 

m 

22 

18 

67 

,6 

4 

1 

60 

65 4 5 

1807 

Direct, 

8 

26 

46 

6 

9 

0 


0 

66 10 65 

1808 

Direct, 

0 

21 

n 

15 

8 

12 

r>tS 

50 

69 18 59 

1810 

Direct, 

10 

8 

53 

4 

o 

rJ 

0 

10 

62 46 37 

1811 

lle'trog. 

4 

20 

20 

25 

o 

14 

18 

14 

76 9 40 

1811 

Direci, 

.1 

O 

5i 

64 

1 

17 

62 


.61 60 57 

1812 

Direct, 

8 

16 

36 

25 

3 

o 

40 

29 

74 1 32 

1816 

Hetrog. 

o 

17 

27 

60 

o 

IW 

6 

52 

.60 

27 33 30 

181.6 

lletroo. 

1 

12 

57 

60 

6 

17 

28 

26 


181.5 

Direci, 

2 

23 

26 

50 

1 

29 

2 

.78 

44 30 45 

1818 

Direct, 

2 


21 


6 

2 

56 

52 

89 47 27 

3818 

llctrog. 

2 

19 

55 

11 

3 

11 

46 

58 


1819 

Direct, 

11 

4 

35 

0 

5 

6 

59 

15 

13 .67 0 

1819 

Direct, 

9 

6 

53 

40 

9 

20 

47 

59 

80 7 41 

1819 

Direct, 

6 

17 

4() 

0 

8 

15 

51 

0 

8 26 0- 


Ill a talilc of 116 comets arranged by Dc Lambrc, in the 
order of Uicir pcrilielioii distances, he lias noticed that there is 


only 1 whose perihelion distance exceeds.4 

2 which exceed.2 

(/ ...••• .. l>a 

23.1. 

31 .0.7 

..0.8 

49.0.7 

Cl.0.6 

..0.5 

..0.4 

104 ...’.0.3 

110.0.2 

..0.1 


1. 
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CHAP. XL 

ON THE FIXED STAES. 

In the twentieth chapter of volume I, Mr. Ferguson has given 
some account of the number, distance, and arrangement of the 
fixed stars; and has mentioned a few of the nebulae and va¬ 
riable stars, which had been discovered at the time when he 
wrote. This interesting branch of astronom}^ however, was 
then but in its infancy. The positions of individual stars had 
been accurately determined, their immense distance had been 
fully ascertained, and a small number of v ariable, cloudy, and 
double stars had been discov^cTcd in different parts of the hea¬ 
vens : but no rational opinion had been formed respecting the 
structure of the starry firmament; the projier motions of the 
stars had not then been accounted for by the advancement of 
the solar system in absolute space; the double periods of some 
variable stars had not been ascertained; the theory of double 
stars, or binary sidereal systems, in which one star revoJv'es 
round another, and the explanation of the milky way as the 
nebula in whicli our system is placed, had not, at that time, 
been given to the world. For the greater part of these dis¬ 
coveries we are indebted to the industry and genius of Dr. 
Herschcl, who has also discovered and determined the position 
of several thousand nebulae and double stars. In attcm])ting 
to give a full account of these interesting and sublime disco¬ 
veries, we shall adopt the arrangement of Dr. Herschcl, after 
we have given some account of the distance, parallax, and pro¬ 
per motion of the stars, and of the phenomena of new and va¬ 
riable stars. 

1. Of the Magnitude^ Distance, and Paralhix of the Fixed 
' Stars. 

On flie a When the fixed stars are viewed tlirough a good 
pearance^ telescope, their diameter appears much less than 
the fixed when they are examined by the naked eye. If we 
employ a telescope of still greater power, the appa¬ 
rent diameter will be increased, but not according to any regu¬ 
lar progression. Even when seen, with the same power, in dif¬ 
ferent telescopes, their apparent magnitude is not the same. 
Pr. Herschcl always |pund that th^ diameter was less in pro- 
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portion the higher were the powers that he applied; and the 
.sin.allcst jiroportional diameter that he ever olitained was when 
lie employed the extraordinary power of 6,450 dines. The 
aijpoaraiice of «f, Lyrac, according to this astronomer, when 
>lowed ^\ith a power ol‘ 160, i-s shewn at A in Plate V, Sup. 

6, and at 1?, when ^ec n w itb a power of 6, i >0. IVom these 
t)hsei'vations it ap]> 'ars that the apparent diameters of the fixed 
Stars do not arise fi om any sensible disc, but from other causes 
with which w'e are not yet acqn.iijncd. This circumstance, 
therefore, might, of itself, be considired a® a striking proof of 
the iinmeasnra'de distance of these ctjcstial bodies, even though 
M e had not Iweii m possession of inoifc convincing evidence. 

The diameter ol the Earth being tob small a base raTollax of 
for measuiing any changes in the position of the 
h\ed stars, astronomers have endeavoured to discover these 
changes by Ob'-erving the position of the stars, wlicn viewed 
from the Earth in tw'o ojiposite points iif its mbit; or, in other 
words, to find the animal parallad: of the stars, or the angle 
subtended at any ol'them by the <liaincter of the Earth’s orbit. 
Thus, wh«.n we view tlie star S, Plate V, Sap. Fig. 1, when 
the JBarth is at E, we should expect it to a})])ear in a different 
part of the heavens than v\ (icn it is seen from the Eiu'th at F. 
The observatimis made by T>cho, Picard, Hook, and Fldm- 
stead, to di<!Covcr this annual parallax, were completely inef¬ 
fectual ; and even Dr. Pi alley, the most accurate oliserver of 
the last ct'ntury, ventures to aflirm that the annual parallax of 
y, Dracoiiis, and «, Ursa? iVLijoiis, does not amount to 2 se¬ 
conds; and tha^ fiom the number of observations which he 
made, it could not amount even to 1 second. 

The method emplo) cd for this pin pose by Brad- Bradley’s 
Icy and other astronomer** consisted in observing the 
meridian altitudes of the stars when the Earth was annuidparal- 
in opposite points of its orbit. The meridian alti- 
tudes were then corrected by refraction, aberration, and nula- 
tion, and the difference in the place of the stars, if any existed, 

, was readily ascertained. This method, howev’er, is obviously 
attended with great disadvantages, as the result is liable to be 
affected by variations in the atmospherical refraction, and also 
by any error in the aberration and nutation employed. On 
this account, Dr. Hcrschel has proposed a new method, greatly 
superior to the former, both in simplicity and accuracy, and 
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free of all errors arising from refraction, aberration, nutation, 
precession of the equinoxes, or any changes in tlie obliquity of 
the ecliptic. 

Dr. Her- mclhod of Dr. Ilcrschel consists in mcasur- 

Achersmo ing the variation in the distance between the two 
stars W'hich comj)osc a double star, when then* is a 
considerable difference in tluir magnitude. Thus, let A, 1*, 
Plate VI, Sup. Pig. 1, be tTvo op|M)site points in the Eiu’tliV 
orbit, and jr, y, two star.s of unapial magnitude, of which .i i& 
the greatest, and, thereft^ ’e, probably the nearest; let the angle 
0? At/, or the apparent d^-itaiicc of the stars, be measured when 
the Earth is at A, and tl! e angle 15 y, when tlu' P.arlli is at 
B, and from tlic differen.-e of these angles the j)aj\dl,'.\ of tlu* 
Earth's annual orbit injy be easily deduced, ujion tlie siipjK)- 
sition that the distance ol‘ the star-, is j)ro]iortion.il to their mag¬ 
nitudes. When the two stars are williin a few m'coikIs of each 
otlicr, it is nuiiiifest that their distance cannot be .seiisibl} al¬ 
tered by any \ariations in the refraction of the atmosphere, or 
by any error in their aberration; and, tlicrefore, a double star 
.should be chosen in which the distance between its two cotnjio. 
nent stars is very small. If tlie sl.'ir y Iiad been nearly the 
same magnitude with .r, its position would have been some¬ 
where about i.', at nearly the same distance from the Earth; so 
that the angular distance of the two stars w'oiild only liave been 
sc'Rz, when seen from B, which is much less tlian tlie angle 
sc'Qyt when the star is small, and, consequently, at a miuli 
greater distance from B. 

This method, ingenious as it is, docs nut seem to ha\e led 
Dr. Herschel to any accurate results respecting the parallax of 
the stars. The numerous observations wliicli he has made on 
double stars seem rather to indicate that the smaller of tlie two 
performs a revolution round the greater; and that a variation 
in their distance may arise from another cause than the annual 
motion of the Earth. Dr. Brinkley of Dublin has very recently 
(PhU. Trans. 1810, Part II.) found a parallax of SJ seconds 
for Af, L 3 rraj; but we arc informed by Mr. Goombridge, that 
this result is not conformable to the numerous observations 
which he has made on that star.* 


* Dr. Brinldey hu recentljr obtained tlie fdUowiqg results respecting the parallas 
Bt the fxed stars 
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It appears, therefore, from all the observations that Ijave yet 
been made, that, though tlic parallax of the fixed stars is com- 
jiletely undctcmiined, it can scarcely exceed a single second. 
A conclusion similar to this has been obtained by the late re¬ 
verend Mr. Miehell, from considering merely the quantity of 
light vhieh they emit, and the peculiar circumstances of their 
situation. In this investigation, Mr. Miehell .supposes the 
stars to he, at a medium, etjual to our Sun in magnitude and 
natural brigltliioss; and that Saturn, exclusive of his ring, 
emits as much light as tlie most lumjiious fixed star. Now, the 
distance f)!’ Saturn being 2,082 of tlJ' Sun's semi-diameters, tlie 
density of the Sun’s light at Saturn [vill be less than at his own 
surface, in the proj)ortion of the sqi re of 2,082 to 1, or in the 
projtorlion of 4,084,724 to 1. But Jlie diameter of Saturn is 
only the lOStli })art of that of the ; and, therefore, the 
light Mhlch he emits must be diminished in the proportion of 
the square of 105 to 1, or as 11,025 to 10. By multiplying 
these iinitd)cr.s together, wc shall find iJiat the whole light of 
the Sun is to tliat ol' Saturn as 48,400,000,000 to 1, or as the 
square of 220,000 to 1; consequently, if the Sun were re¬ 
moved to 220,000 times his present distance, he would still ap¬ 
peal* as bright as Saturn, and the parallax of the Earth’s an¬ 
nual orbit would be less than two seconds. But we have sup- 
])oscd that Saturn reflects all the light which falls upon him, 
which is very far from being the case. It is probable that one- 
fourtli or one-sixth part of it is absorbed; and, therefore, we 
must increase the distance already computed in the ratio of 2 
or 2] to 1, which would make the parallax of Saturn, when 
removed to that distance, less than 1 second. Upon the sup- 
})osition, therefore, that the light of Saturn is equal to that of 
the brightcftt fixed star, and that the magnitude of this star is 
c([ual to that of the Sun, its annual parallax ought to be less 
than one second. 

If we suppose, that the parallax of the nearest Distance of 
fixed is 1", and that the mean distance of the Eartli ***"• 
from the Sun is 95,000,000 miles, wc shall have a right angled 




Parallax. 

No. of Observations. 


« Cygni, - 


119 


a AquQs, 

.V'OO 

208 

f 

a I.yree, 

1'32 

202 • 


See Irish TraTuactioni, vol. xii, and PhU. Trans. 1818, p# 291, &c. 

Our able astronomer royal, Mr. Pond, has obtained results quite hostile to the 
idea of a parallax. See Pbid. Tran9> 1818, p. 477» 481. 



eN THE FIXED STAKS. 


cir. XI. 


S46 

ti iangle, whose \ci Lu .il angle lb 1", and wdiose baBo is 95,000,000 
miles; to find its side, or the distanec of the star, which will be 
J20,159»665,000,00U miles, or 20 billioiis of miles, a distance 
through which*light c'oiild not travel in less than tliiec }cars. 
If the brightest star in the heavens is jilaced at such an im¬ 
mense distance from our s\ stem, what 'PI innneasiirable inter- 
val must lie between us and those minute stars, whose light is 
scarcely visible in the most powerful telcscojie! Some of them, 
perhap.s, are «o remote, that the first beam of light which they 
sent forth dt their ci cation has not v et an iv ed v. ithin the li¬ 
mits of our sj stem; 
or have been destroy 
shine in the licavens 
reached our Earth. 

2. On the Propn Motion of the FU\d Sfarfi. 

On the pro- the fourth sujt))lenicntar> chapter of this vo- 

pcrniouoni) lunic, p. 158, &c. V c have alrcatly stated, that the 
ot thcstaeii. sy. 5 tcm is advancing towards the constellation 

Hercules. From this motion of the system in absolute spaci, 
it is eibvious, that the stais in that constellation must appear to 
recede from each other; that tiiose in the ojiposilc paiL of the 
lievavens must appear to approach ; and that the intermediate 
stars must have motions corresponding to their situation, wilh 
re'gard to the direction in which the system moves; in the same 
manner as, when walking through a lorcst, the trees to whicJi 
vte advance ajre constantly widening, while the distance of those 
which w’e leave behind is gradually conlr.icling. This motion 
of the fixed stars, from TThich the aeUancement of the solar 
system has been deduced, is called their proper motion. It w as 
first observed by HaJlcy, and afterwards by Leuiomiicr aiul 
Cassini. Tobias Mayer had the merit of gi\ing the first ex¬ 
planation of this proper mo ion; 1 ut it wa^ reserved for Dr. 
Hcrschel to point out the quarter of the heavens to which the 
solar system was advancing. 

The following table contains the proper motion of 86 of the 
principal fixed stars in light ascension and declination, accord¬ 
ing to the accurate observations of Dr. Maskclync.^ 

^ In Uiis volume, p.*102, the readei will find the annual variation in H. Ascen- 
»ton and noith polar distance of 96 stars diat are capable of being eclipsed bj the 
Moon. 


whiU*other stars which have disajipcared, 
ed f'r many centuries, v.ill continue to 
till tie last ray which tlicy emitted has 
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Table of the Annual Proper Motion of 36 Stars in Right Ascension 

and Declination, 




a 

O 

Annual proper 

Annual proper 



1 

motion in right 

motion in decli> 

Names of the Stars. 


1 

ascension. 

nation. 




Seconds. 

Seconds. 

y Fegasi .... 


2 

// 

—0.09 

#/ 

—0.15 N. 

tt Arietis .... 


2.3 

+ 0.10 

+0.07 8. 

« Cell ..... 


9 


— 0.08 N. 

Aldcbaran . . . 


1 



+0.12 8. 

Capella .... 


1 

J 


+0.44 8. 

Rigcl .... 


1 

m 


—O.lC N. 

/3 Tauri .... 


2 



+0.10 s. 

» Orion .... 


1 



—0.13 N. 

Sirius .... 


1 


+ 1.04 8. 

Castor .* . . . 


2 


+0.44 8. 

I’rocyon . . . 


■Q 


+ 0.95 8. 

Pollux .... 




0.00 

tt Hydrae .... 


o 


—0.14 N. 

Rcgulus .... 


1 


—0.08 N. 

/3 Lconis .... 




+ 0.07 8. 

0 Virginia .... 


ai 

+0.74 

+ 0.24 8. 

Spica Virginia 


1 

— 0.02 

—0.19 N. 

Arcturus . . . 


1 

—1.26 

+ 1.72 8. 

2 ^ «e Librsc . . 

f 

6 

—0.11 

•-~0.18 N. 

• 1 

2 

—0.11 

~~0.1S N. 

tt Cor. Bor. . . . 

• • 

2.3 

•"^.26 

+ 0.03 6. 

» Serpentis . . . 


2 


—0.19 N. 

Antares .... 


1 


—0.26 N. 

tt Plerculis . . . 


2 


—0.23 N. 

tt Ophiuchi . . . 


2 


+ 0.05 8. 

ce Lyrae .... 




—0.27 N. 

y 1 

r 

3 

—0.11 

—0.16 N. 

» > Aquilae . . . 

\ 

1.2 

+0.48 

—0.54 N. 

^ J 

1 

3.4 

—0.03 

+ 0.35 8. 

2 Capricorni . 

{ 

3 

3 

0.OQ 

+0.05 

■■ '■■0.28 N. 
—0.26 N. 

tt Cygni . . . 


1.2 

—0.08 

—0.03 N. 

tt A^uarii .... 


3 

—0.08 

—0.19 N. 

Fomalhaut. . . 


1.2 

+0.35 

— 0.06 N. 

» Pegasi .... 


2 

—0.06 

— '0.18 N. 

tt Andromeda; . . 


2 

+0.08 

+ 0.06 s. 
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In tlip following Tuble wc have given the proper motion of 9 
principal fixed stars in longitude and latitude, according to the 
most recent ohservatunis cjf Dr. Maskclyne, including the pre¬ 
cession, &c. 


Names of the Stars. 

Annual increase of 
Longitude. 

Annual variation ui 
I.atitude. 

a Arietis. 

• 

// 

50.271 

// 

-f-0.180 

Aldebarun . . . ^ 


.50.20 i 

—o..';t7 

rollux . . . . . 

• 

40-470 

-i-0.280 

Regains . . . . 

1 ■ 

.50.001. 

-P 0.200 

Spica Virgiiiis . . 

• 

.50.0.5t) 

-1- 0.080 

An Lares . . . . 

^ . 

50.11.1 

+ 0.1()7 

» AquiKr . . . . / 


.50.870 

-i- 0..'{72 

Fomalhaut . . . ' 


50.717 

+ 0.013 

M Ve^'.'isi. 


50.1.‘i.'} 

+ 0.1 ()3 


9. On Nexo a'd Varlahlc Stars. 

i 

On varwble AVliile the apparent places of the fixed stars are 
•tarh. thus constantly ch. nging, many of the stai*s them¬ 

selves seem to he affected witfi \ariations of a differenl kind, 
arising either from some peculiarities in their physical constitu¬ 
tion, or from some great changes going on ujKm their smface. 
Several r^ars have appeared in the heavens, for a while, ami then 
vanislied. Several, whose p»)sitions are given in tlie ancient ca¬ 
talogues, can no longer be discovered, even by the jx)\verful in¬ 
struments of modern astronomers; while others are distinctly 
visible, which do not a})pear to have been observed by the an¬ 
cients. A fev/ stars have gradually increased in brilliancy; 
some that ha\e been formerly variable, now shine with a steady 
light; others have been constantly diminishing in brightness; 
and a considerable number sustain a periodical \ariatlon in their 
lustre. The new star of 1572, which Tvcho obscr\ed in the 
constellation (\issiopcia, exhibited vciy singular changes. Its 
brightaes.s suddenly became so g”eal, that it exceeded that of 
Venus and IVicrcury, and was vi,»lblc on the meridian during th(‘ 
day, . The intensity of its light gradually diminished, and it 
disaj)pcarcd sixteen months after its first apjK'teraiicc. The new 
star in the constellation Scrpenlarius, which was seen in 1603, 
exhibited phenomena nearly similar, and vanished, after having 
been visible for some months. 
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Astnmomcrs lia\e atlcmptccl to explain these re- Thcoiyof 
markable changes, by supposing, that portions of the variable stare. 
surfAec of tlie stais are covered with large black spots, which, 
during the diurnal rotation of the star, present themselves un¬ 
der \a^()u^ angles, and thus produce a gradual variation in its 
brillian'‘y. 'riiese s}x>ts have been regarded by some as perma¬ 
nent ; while others are of opinion, that the luminous surface of 
the star.-* is ‘subject to perpetual changes, which sometimes in¬ 
crease their light, and at other times extinguish it. M Mau- 
pertuis (See Vol. 1, p. 312, Note.) lufc explained these pheno- 
iiiona with less plauMbilitN, by suppolng, that in consequence 
of a r:q>id rotation about their axes, tie stars are reduced to flat 
ciicular planes, like niillstones ; and taat the inclination of their 
axes may be varied by the attraction oA their surrouiiding pla¬ 
nets. ITenec, stars of ihi-* form will .ypear more or less bril¬ 
liant aceimling to the inclination of“ tl/ir flat side to the eye of 
tlie observer. The ])cri()dieal vaiic^m in the light ol'the stars 
lias also bei'i) ascribed to tJie inte.i^j'-ition of the jilanets whicli 
lireul.itc around them ; but it iswiy no means probable, that 
tlie e jJanets, even if they dv> oxisd are <^nlVieiently large to ob- 
••ti net any large portihn of tin ir/ight. Even when seen from 
till* Earth, the light of our/{)wn Sun is not sensibly impaired 
V lie.i Mircury and Vemjj/aiv ]}asslng over his disc. 

'J’li'* ii}geni(/rti.-JVfr. f^gott has ventu'*ed a stej) far- Pigott's thco- 

tln than anv oi‘his pa dec. ssors in this braiicli of ^ oftlievi- 
* ^ , ruble sUr iii 

ji'ilroMomy. In liis rivcstigaoon ol fno plienoinena Sobie.kfs 

cxh.luted by the variable st.a* of Sobieakrs shield, Shield. 

‘the periodical change’s ol* which are afl'ccled by very singular 
anomalies, he sup})ose>., that the greater part of its disc isunen- 
)i ■liteiicd; and that a few Iu'*<lnous spots, jilaced at certain iii- 
1eiv.l1'., produce, by tlie rolalb n of the star, all the variations 
vihieh have bei n oh^cr\ed. ]\fr. Pigott siqipo'-es, that the body 
ol' the ‘■tars is dark aial ••olid ; that their rotation on their axes 
IS regular; and ilial tli'' suiTomidiiig medium is {iccanionally 
‘'•.'iierating and j.bsoibmg its lunfmoU'< particles, by a proi'C'^s 
similar to Vvliai J)r. Ileiseliel supposes is going on in the at- 
‘mosphere of the Sun. He imaguics, that these luminous par¬ 
ticles are sparingly d’iqicrscil in the atuiosplicrc of the variable 
star of Sobleski, jrom the tireum laiiee of its diminishing, even 
to the ^tb magnitude; and as the duration of its full lustre 
continues only about 9i days, while it porfonns a complete ro- 
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tation in 62 days, he considers the luminous spots to be somc> 
what circular, and of no great extent. Since this small portion 
of light may naturally be supposed to diminish and finally dis¬ 
appear, Mr. Pigott imagines, that this may have been the cause 
of the disappearance* of the new stars of 1572 and 1604. Hence,, 
he concludes, that there are others which have never shewn a 
glimpse of brightness; and that there are ‘ prinisuy in\ isible 
‘ bodies, or unenlightened stars, that have ever remained in 
‘ eternal darkness.’ Following out this notion, Mr. Pigott con¬ 
ceives, that clusters of th 'se dark bodies may l)e found, and, by 
intercepting ‘ all more I'distant rays,’ may appear like dark 
spaces in the heavens, sinTilar to what has been observed in the 
southern hemisphere. . . 

The number of star? which arc ascertained to be variable, 
amounts only to 15; mIi Ic those vhich are suspected to be va¬ 
riable, amount to 37. IVith an account of their positions and 
variations we shall conclucU this section. 


1. STARS ASCr.RT. tKrO TO BE VARIABLE. 

< 

1. New Sfni in CamojK’ia. 

R. Asc. 1786, O’* 13' 0". Heel. N. c?.? 58'. Gnatest and least 
mag. 1—0. Period 150 yeais. 

The period of this star is merely a conjecture of Keill and 
other astronomers. It did not appear at the end of this period; 
but this might arise ffom its ha\ing, like other variable stars, 
dificrent degrees of lustre at difierent periods. 

2 .0 in the Whale. 

R. Asc. 1786, 2” 8' 33". Heel. S. 3° 57' 25". Greatest and 
least mag. 2—0. Period 334 days. 

This period was determined by Cassini. Mr. Goodricke saw 
-this star of the 2d magnitude on the 9th August 1782; and on 
December 30, 1782, Pigott saw it of the 8.9th magnitude. Dr. 
Herschel makes its period 331*’ 10’* 19'. 

3. Algol, or Perseus. 

R. Asc. 1786, 2»* 54" 19". Decl. N. 40“ 6' 55". Greatest 
and least mag. 2—4. Period 2'’*20^ 48' 58".7. 
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This period was determined by Worm from 15 years’ obser¬ 
vation. IVIontanari first observed the variations of this star. 
Maraldi., in IfiJta, could not ptrccivc any change in its brlght- 
iiv‘ss: l>"t ill lie found that it varied from the soc'ond to 

ilio foiiilh n’-e»jiitude. Air. GoodricKc of York was the first 
w ho tV; /oM u'li its period, whhdi he found to be 2** 20’* 48' 56". 
He found tli.iL ii-. b/ii^liiueis, a hen at its mhnminn, is different 
hi diifi.ienl periods ; and Pi<«oll is of ojhnion, that, at its maxU 
mum brii'liliie-s, it i-i soinelinies more luminous UianPersei, 
and at other times lc»s hriUlaut. 

4. 420^A Star hi ^lujcr'a Catalo^'inX situated hi the L\on, 

U. A c. 1786, 9“ fJC' 5". Decl. N. V 25' 0". Greatest and 
leti'.t imig. G—0. 

Tills star was discovered to l^e varl^le by AF. Kik-Ii. In 
lY'hruarv 1782, he ioiind No. J<19, y^d No. 4S^(), of the same 
magnitude, aiul thtrelore of the 7t^ In April 1786, it aji- 
p'cared of' the 9lh magnitude, and^i Ajiril 1781, of the 10th. 
Pigott could never sec this star, iv must have disap¬ 

peared. 

5. Star hi JJijdra, a?far cu^ifas 4' is zeesi of ^; ii is the 
ijOf/i Jf^lra (f IlevcTf^^ and jirobahli/ the 1a/ tf the Ba^ 
laiui^ accfihlh\i^(f pfamAicad. 

11. Ase. nSG, 16'* 18'4". Doel. S. 22’9'68". Greatest 
anil least 4—0. Period U/F davs. 

Al.iraldi discovered this star to he vai’iahle In 1784, aiid Qiade 
its ]K>rl()d two year-i. Aeeording to Pigolt, it is of the 4ih 
iiUi;» iltiidevvheii at iis fuillai' htnes«., and suffers no pereeptihle 
tlnii'ie for about a llutnu'ht. It tiiki's about sis. months (o 
incrc!t'-e from the 10th to the jtli magiiitude, and about the 
same time to return to the 10th ; hence, it may he rcg.irdetl as 
iiivis’ble to the nakul e\e <lurinf' six tmiLiths. The lime of iis 

• w 

increase is one-hall’i)uteli.er than the lime of its dtevease; and 

* ' 

it docs not ahvays ixii the .'ame degree of biiglitiu -.s. 

• ii. Neza Star o/TGd4, in the easiJ(X)t of Serin hiariu.<t. 

R. Asc. 17" 18'0".,-l5eel. S. 21" 10' 60". Greatest and 
least ma^. 1—0. 

This star was seen by Kcjiler on the 17lh Octolier IGOl, and 
exhibited almost the same phenomena its that of 1572. On the 
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3d January 1605 it began to diminish, and it ceased to be vi¬ 
sible on the 18th October 1604, by the approach of the Sun, 
and has not even been seen, though Mr. Pigott has examined 
that part of tlie heavens witli great care since 17*^2, Kepler 
has given a full account of it in his treatise De SUlla Nova hi 
pedc Serpentai ii. 


7. /3, Lijrcr. 

R. Asc. 18” 42'11^ Decl. N. 33^746". Greatest and least 
mag. 3—4.5. Period 6** 9”. 

The varijitions and p<!(i*iod of this star were discovered by Mr. 
Goodricke. The poriotj is not accurately ascertained. 

8. New Sint of \61Q, in the Swan\<} head. 

R. A sc. 19” 38' 58". 1 Deck N. 26° 48' 30". Greatest and least 
mag. 3—0. 1 

This star was diseovcrct' by Don Anthelme on the 20tli June 
1670. It soon reached tf, * 3d magnitude, and disapj)eared, 
after several Aariations, in 172. On the 10th August, it liad 
decreased to the 5tli inagniUule, and 'was observed ol‘ the Gth 
magnitude by IIcAeliiis, in t. *' years 1671, 1672. Since that 
time it has not been seen, thou^. Pigott believes that he could 
have detected it, had it reached 'c.»:en the 10th or^ the 11th 
magnitude. See Phil. Ttans, No. 65. 

9. »>, Anthmi. 

R. Asc. 19” 41' 34". Deck N. 0’ 28' 14". Greatest and least 
mag. 3.4—5. Period 7'‘ 4” 15'. 

The variations and period of this star Avere discovered by Pi¬ 
gott. It continues 40 hours at its greatest bright»’''ss, 30 at its 
least, 66 on its decrease, and 36 on its increase. Its maximum 
and minimum brightness seem to be uniform. 

10. % in the Swan*s nctl. 

R. Nz. 19” 42' 21". Deck N. 32° 22' 58". Greatest and least 
mag. 5—0. Period 396“ 21”. 

The variation of this star was discovered by Kirch in 1686. 
Maraldi Cassini and M. Le Gentil mailo its period 405 days, 
from which circumstance Pigott concludes that its period is 
variable. According to Pigott,^ it continues a fortnight at its 
full brightness. It takes about 3^ months in increasing from 
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tlie lltli magniiude to its maximum brightness, and in decrease 
ing to the 11th magnitude again. Hence it may be regarded 
ns invisible for six months. When at its greatest brightness, 
it is sometimes of the 5th, and at other tiiiics of the 7th mag- 
nitiulo. 

11. Near y, in the SwarCs breast. 

11. Asc. 20“ 9' 54". Dcel. N. 37° 22' 37". Greatest and least 
mag. 3—0. Period 18 jears. 

'I'liis star obser\ed by Jansonius and Kepler in 1600. 
Froni the obscrA ations made in the I' th century, Pigott con- 
cliuh's tliat it continues about five yc.^rs at its full brightness; 
that it decreases rajndly during tAvo years; that it is invisible 
t«> the naked eye during four years; and that it increases sloAvly 
during seA^n years. At the end of ths- y ear 1663 it Avas at its 
minimum brlohtncfcs. From NovcmlxT 1781 to 1786 Pigott 
ahvays saAV it of the 6th magnitude, ifiough he suspects that in 
1785-1786 it had rather dccrcasei] 

12 . \ emci. 

11. Asc. 22“ 21' 0". Deck N. J^° 20' 0". Greatest and least 
mag. 4.3—4..5. Period 5^ 8^ 

The variation and period,^ this star Averc discovered by Mr. 
<jroodiidto, and the Avhich he found has been confomed 

by Mr. Pigotfs observations. Its variations arc not easily seen 
unless at its minimum and maximum brightness. 


13. 64 or «, Hercules. 

11. Asc. 17“ 4' 54". Dccl. N, 14° 38'. Period of variation 
601 days 

The variation and period of this star Avere discovered by Dr. 
Ilerschcl, by comparing it with » Ophiuchi. 

14. .4 Star in Sobiesklks Shield^ having nearly the same right 
ascension as the Star 1, arid situated about a degree farther 
south, 

R. Asc. in 1796, 18“ 36' 38". Dccl. S. 5° 56'. Greatest 

• * 

and least mag. 5—7.8. ^Period 62 days. 

The period and variations of this star Averc discovered by 
Mr. Pigott, Avho has endeavoured to exhibit, in the folloAving 
Table, the result of tAvo sets of observations, made at difierent 
periods. 
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n 15 s. 
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02— 




■without any benbililc change,. 

Ditto when it does not rcadi Jt-j iiM'dl 
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2(»— 



Duration of biij'htness at it- uihun.u ii 




without any peicfiiiibl.* ihanj;i',. 

J) 

i) 

u 

Ditto when it dess nut reach i< i usuJ nii- 




TiiTTiiim....j.. 

20— 



Time employed in decreasinJ from tlic 
middle of it% maxinnuu to (lie middle 




of its minimuin bn^ntness,. 


2« 

:s:t+ 

Time cmplojcd in iuciL.i‘in,; from the 
middle of its minimum to tlic middle ul 




its ••■•■••••••••■ 

\ 

27 + 

;ir. 

2‘>_ 


JVJ.K'. 

31 tg. 

E3.trc.ucs of its different dcjrcc of bright- 

f»+ 

ii 

5 

ness, with a mum of its uV^.d suna- 
tions,.... 

!> or 

0 

7 .C 

IS 


The mean results in the J ast cohnini are computed ])ro])()i- 
tionally accordiu" to tlie nuu^Kr of observalioiih from uhieli the 
results in Uie preceding coluniW^verc ohtiuned. • 

V 

IS. JSiarm the Northern Crown, of the shvth '^<o‘gnltutlc 

hy Buyer, but omitted in FlainMccut .v Laiuloguc. 

R. Asc. in 179G, 15»* 40' 11". Decl. N. 28° 49' 30". Great¬ 
est and least mag. 6.7—0. Period 10 ^ months. 

Mr. Pigott suspected this star to be variable in 1783, and 
his suspicions were confirmed in the spri’ig of 1795, when it was 
invisible. On the 20th of June t)f the same year he saw it of 
the 9*10 magnitude. In the space of six weeks afterwards, it 
had attained its full brightness, the mitldle time of which was 
the 1 Itli August 1795. It w^as at tJiat time of the 6.7 magni¬ 
tude, and continued .so for about three weeks. It then took 3] 
weeks in decreasing to the 9.10 magnitude, and it disappeared 
a few days afterwards. In April 1796, it again appeared. On 
the 7th May it reached the 9.10 magnitude, and increased 
nearly in a similar manner as on the 20th June 1795. In a 
subsequent period, it exliibited great un^‘adincss at its maxi¬ 
mum brightness. It then incrett^d as before, with tolerable 
regularliy, till it reached the 7.8 inagnitudc, when it kept wa¬ 
vering between these two magnitudes till August 1797. 
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II. STARS SUPPOSED TO BE VARIABLE. 

1. Hcvcliuii's G Cassiojjcia.’. 

R. Asc. 0*' 2S' 16". Dccl. N. 60’ «»0'. Greatest and least 
mag. 7 — 0 . 

Mr. Pigott observed in 1782 that this star was missing; and 
lie could not find it in 1785 and 1784. 

2. 46, or !i Andromcdacm 

R. Asc. 1*’9'46". Decl. N, 44’*21'. Greatest and least 
mag. 4.5—.5.6. 

According to IVIr. Pigott, this star was, in 1784 and 1785, 
less than v, equal to «, and hi-iglitcr than d and %. It is marked 
in his journal as sometimes brighter tiyin and at other times 
less bright. 46 and | Andromedae si^/m to be different stars. 

8. FlamstcaiVH 50, v Andromcdoc. 

R. Asc. II- 24' 10"-. Bed. N. 4i / 20' 15". Greatest and least 
mag. 4.5—0. ^ 

j'J 

4. Ileveliiis's 41 Andromeda, rvJiich is probably the same with 

. Tij^lius 19 Andromcdoc. 

Some of the suits beside the two preceding arc said by Cas¬ 
sini to have disappeared and reappeared. In 1783, 1784, and 
1785, Mr. Pigott observed their brightness to be os in the fol- 
^lowing table 

Flam&tcad’s 50, of the 4.6 magnitude, and perhaps rather less than f Andromeda. 

. — r, of the 5th magnitude, and equal to 40 and 48 Andromeds. 

-49 J 

——52 f Of the same brightness, and of the 5.6 magnitude. 

Hevcliub's 41J 

A star between Hevelius’s 41 and Flamstead’s 52 is rather 
less than the 6th magnitude. 

5. Tychds 20 Ceti, probably x in the Whede^s Belly. 

R. Asc. 1** 39'. Decl. S. 13* 20'. Greatest and least mag. 
5—0. 

This star had disappeared in the time of Hevelius. % Ceti 
is of thfe 4.5 magnitude, and of the same brightness as the three 
4' Aquarii. 
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6. Fhimsteads 55 Andrmnedfv^ imrked nebulous in his catalogue. 
R. Asc. 1’* 40' 80". Dccl. N. 39'’ 40' 3". Greatest anclleast 

ma^. 6—0. 

This star aj)pc'irs nebulous, in consequence of sonic small 
stars which are near it, but it is not really so. I’igott and Ile- 
velius observed it to be a ■•tcir of the Olh magnitude. 

7. c, or the Vtth Eridani, according lo PtoJemtj and Ulugh 

Beigh. 

R. Asc. 2** 42'. Dccl. S. 9° 40'. Greatest and least niag. 4—0. 
In 1691 and 1692, Flamstcad could not stc tins ■'tar. In 
1782,1783, and 1781, Pigott obser\ed in this place a star of the 
7th magnitude, which did not exhibit any sanation of bright¬ 
ness. Jt always appeared less tlian two little stars near and be¬ 
low u Ph-idani. 

I 

8. Flamstcad's 41 Taiiri^ fhc 2Gth of Ulugh Beigh, and the 

4i^<jr^)f Tycho. 

R. Asc. 3’' 53' 27". Dec\ N, 2'?‘' 0' 39". Greatest and least 
mag. 5—8. x 

This star, which Cassini susji^^’ted, without much reason, to 
be new and variable, was seen by Ulugh Heigh and Tycho. 
In 1784 and 1785, Mr. Pigott found 'i4*/>f the 5th magnitude, 
equal to and brighter than ■4', P, and jiTfauri. Ilevclius 
makes it of the 5th, and P'lamstead of the 6th magnitude. 

9. Star 2“ 15' north 53 Ei'idanl. 

R. Asc. 4^ 29'. Deck S. 12® 30'. Greatest and least mag. 4—0. 
Cassini believed that this star w^as a new one, and was not 
s isible in 1664. In. 1784, Pigott observed it to be less than « 
and d, brighter than A, and equal to 4' Eridani. 

10. Flamstead's 47 Eridani. 

R. Asc. 4’‘ 23' 54". Decl. S. 8® 41' 40". Greatest and least 
mag. 4—0. 

This star was also supposed by Cassini to be a new one. In 
1784, it appeared to Mr. Pigott less than 46 Eridani. 

11. y the Great Dog. 

R. Asc. O’* 54' 5". Dccl. S. 15® 19' 36" Greatest and least 

mag. 8—0. 
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Tyclio, JJayer, llevolius, and Flamstoad, mark this star as oi 
iho 8d inafjuiludt*. It was invisible in 1670, according to Ma- 
raldi and ?doulauari; Imt in 1692 find 1696, it appeared of the 
'Jtli ii!a.»uiLii(!e. IMr. PigoU has obsem'd it frequently since 
1182, but nevt'r ])erucivcd the least variation. It was always of 
•the I'lh uiaguitudc, a little brighter than 0, and decidedly 
brighter than /. l^a Caille also makes it of the 4th magnitude. 

12. Polliio', or ^ Gemini. 

11. Ase. 7’' 62' 11". Decl. N. 28’ 31' 38". Greatest and least 
mag. 1—3. ' 

IMr. Pigott observes, that if cither Castor or Pollux liavc 
varii'd in lustre, it is ])robably the latter. In the yciirs 1783, 
1784, and 1785, Pollux was undoubtedly brighter than Castor. 
JTevelius maki>s ihcm both of the 2d magnitude. Flamstead 
makes Castor of the 1st, and Pollux,of the 2d magnitude\ La 
(kiille makes C’astor of the 1.2, aiH^Pollux of the 2.3 magni¬ 
tude, and Bradley makes them hi th of the 1st magnitude. 

13. i Lc ml<!. 

R. Ase. O’* 20' 4". Deck IS. 12° 14'23". Greate.st and least 
mag. 5.6—0, 

Tycho, Bayer, Flamstead, Mayer, and Bradley, have all 
marked this star ol the 4th magnitude. It could scarcely be 
seen bv IMaraldi and Montanan in 1693. In 1783, 1784-, and 
1783, Pigott saw it always of tlie 6th magnitude, less than A 
^ and 5r, and perhaps rather brighter than h and « Leonis. 

14. -vk Lemiis. 

R. Asc. O’* 32' 3". Deck N. 14“ 59' 36". Greatest and least 
mao;. 5.6—0. 

This star is said to have disappeared in 1667, when it was 
sceii.by IMontanari. Maraldi observed it in 1691, v'hen it wjls 
very small. From 1784 to 1786, Pigott saw it always of the 
5.6 magnitude, less than and brightei: than i, Flamstead’s 
46th. Ileveliirs makes it of the 5th, and Flamstead of the 6th 
magnitude. ** 

15. 25 Lcmis* 

R. Asc. 9’* 46' 8". Deck N. 12° 20' 86". Greatest and least 
mag. 6.7^0. 
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In 1783, Mr. Pigott discovered that this star was missing* 
He could not see it in 1784 and 1785. 

16. Baijh's i Leonis, and Tycho's 16 Leonis. 

R. A sc. 9** 52' 30". Decl. N. 15° 80'. Greatest and least 
mag. 6—0. 

Thi‘« star was invisible in 1709; but near its place were per- 
cei^ ed eight other stars, to be found in no catalogue. Pigott 
could not see it in 1785. It is not tl>e i I^conis of other cata¬ 
logues. 

17. ^ Great Bear. 

R. Asc. 12’’ 4' 45". Decl. N. 58° 13' 24." Greatest and least 
mag. 2—4. 

This star is marked of the 2d magnitude by Tycho and the 
Prince of Hesse, while Hcveliiis, La Caille, and Bradley, mark 
it of the 3d. From 178.3 to 1786, it appeared in Pigott as 
a bright 4th magnitude, .’atlicr less than <, equal to «, and 
rather brighter than * Dracopis. Flamstead marks it of the 2.3 
magnitude. | 

18.'n Vhginis. 

R. Asc. 12** 7' 43". Decl. i5. 0° 24' 16". Greatest and least 
mag. 6—0. 

This star, which is not in the charts of Bayer, was> observed 
by Ricciolus. Flamstead could not sec it ou the 27th of Ja¬ 
nuary 1680, though he must have observed it on the 12lh May 
1677, and some years afterwards, as it is in his catalogue. Mr. 
Pigott examined it frequently in 1784 and 1785; but it always 
appeared of the 6tli magnitude, less than c, and rather brighter 
than a star three degrees low^er, in a right line with c and n 
\'irginis. Flamstead^makcs it of the 6th, and Bradley of the 
5th magnitude. 

19. Bai/e)\i Star of the Q{h. magnUvdi^ 1° south cfy Virgin. 

R. A^c. 12** 53'. Decl. S. 10°. Greatest and least mag. 6—0. 

'J’his star is the most southern of the two, % and q, which are 
}:daccd under the soutli hand of the Virgin by Bayer and Flam¬ 
stead. Maraldi could not see it, aivj Pigott looked for it in 
vain in May 1785. 

' 2). Star irTJhe VirgirCs northern Thigh. 

R. Asc. 13’ 29' -J-.^Decl S. 0°30'. Greatest and least mag. 6—0. 
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Ricciolus marks this star as of the 6tli magnitude. Maraidi 

could not .sec it in IWDs and Pigott could not see it in 1785- 

* 

21. 91 or 92 Fir^nis. 

R. A'f. 13'’ 13' 43". Decl. N. 2“ 5'50". Greatest and least 

nitig. G—0. 

Ill 173.1, ]*it«>lt found one of these stars missing, which he 
supposed to he the 91. The remaining one is of tilt. 6.7 mag¬ 
nitude. 

22. « Draronhi. 

R. Asc. I’S” 58' 36". Decl. N. 65“ 24' 8". Greatest and least 
mag. 2 —4. 

This star is at present only of the 4th magnitude, though 
II e\elius, Plainstead, and Bradley, mark it of the 3d. Mr. 
Pigott and Dr. Hcr.schol both suppose it to be variable. The 
former, hoiiever, examined it frequently between October 1782 
and 1786, but never perceived any change in its lustre. It was 
les', thin / Draconis, equal to J of the Great Bear, and rather 
brighter than x Draconis. La Caille marks it of the 3d mag¬ 
nitude. 


23. Bayer"'8 Star in the West Scales of Libra. 

R. Asc. M** 53' 30". Decl. S. 13“ 26'. Greatest and least 
mag. 4—-7. 

Maraidi could not find this star, and Pigott looked for it in 
vain in 1784 and 1785. In this place there are several small 
.stars, of about the 8th magnitude, none of which, according to 

Pigott, are near as bright as the 2d » Librae. 

* 

24. Ptolemy and Ulv^h Bei^lCs No. 6 of the unformed Stars 

in Libra. 

R. Asc. IS** 29'+. Decl. S. 20“ 30'. Greatest and least mag. 
4-7. 

Though this star is marked of the 4th magnitude, it does 
not appear in any modern catalogue. In 1785, Mr. Pigott 
frequently observed a star of the 7th magnitude very near its 
plat'c, rather less than'Flamstcad's 41. 

25. X L'lhrw. 

R. Asc. IS” 29' W. Decl. S. 19“ 58' 27". Greatest and least 
mag. 4—5. 

Tycho and Bayer mark this star as of the 4th magnitude 
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Hevelius says that it had disappeared. During the years 1783, 
1784, and 1785, Pigott found it always o^lie 5tli magnitude, 
less than -4 or 6, equal to a, and brighter tlian «. Flaiiiblead 
markb it of the 4th magnitude. 

2G. Ti/clio's 11 Librcc. 

II. Asf. 15** 37' 30". Decl. S. 19“ Sd. Greatest mid least 
mag. 4—0. 

Hevelius and Plgott could not find this star, 'fhe latter 
thinks that it never existed, and that it is the «, ivltli an error 
of 2“ in longitude. * 

27. 33 Serpentis. 

R. Asc. 15*' 38'. Decl. N. 17° 14'. Greatest and least mag. 

6 — 0 . 

In 1784, Pigott found that this star was missing, and he 
could not sec it in 1785, with a night-glass. 

28. Bayer’s t^tar, near i of the' Great Bear. 

R Asc. IG** 15'. Decl. N. 82“ 45'. Greatest and least mag. 

6 — 0 . 

This star could not be seen by Cassini. Pigott found no star 
near the e brighter than the 7.8th magnitiule. 

29- Pj or Ptolemy and Ulugh BciglCs \Mh of Ophiuchus, ot 

Flamstcad’s 66th. 

R Asc. 17’* 2' 14". Deck S. 26° 15' 37". Greatest and K.ist 
mag 4—0. 

This star is said to have disappeared before 1695. Ifc\(‘liiis 
could not find it. In 1784 and 1785, Pigott Sfcw it of the 1.5 
magnitude, much brighter than 39, rather brighter than 51 
and 58, and less than 44. On the 30th Juno 1783, Pigott 
marked it in his journal as equal to 39, and less than 51 and 58. 

30. Ptolem'ifs \6th Ojihiuchi, 

R. As(‘. 17** 18'+. Decl. S. 20° 35'. Greatest and least 
mag. 4—0. 

31. Ptolemy''s ISth'Ophiuchi. 

R. Asc. 17’* 22'. Decl. S. 24° 10'. Greatest and least mag. 
5—0. Jjjl^ 

The two preceding stars seem to have oisappeared. Mr. 

• Pigott, however, thinks that the 13th Ophiudii is FJam^tead’s 
40di, and that the 18th Ophiuchi sliould be marked with nortli. 
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instead of south, latitude, which would make it coincide nearly 
with Flamstead's 58th. 


32. «r Sagittarii, 

II. Asc, 18^ 42'. Dccl. S. 26’ 32' 34". Greatest and least 
fnapf. 2—4. 

J)r. Herscliel and Mr, Pigott agree in thinking tliis star va¬ 
riable. In 1783, 1784, and 1785, Pigott observed it of the 

2.3 inagnilude, and brighter than Sa^^ttarii. Hevrjius makes 
it ()f the itli, and La Caille of the 2.2 magnitude. 

33. i Scrpentis, 

II. Asc. 18** 45' 35". Dccl. N. 3° 56' 36". Greatest and least 
mag. 4—5. 

Tycho, Payer, Hcvelius, and Flanistcad, observed this star 
to be of the 3d magnitude. Montanari saw it of tlie 5th, and 
found it to increase in the following year. In 1783, 1784, 
.'iiid 1785, Pigott observed it frc{|ucntly wilhout perceiving any 
change in its lustre. It was alwavs of tlie 4th magnitude, less 
than S Aquila*, and P. Ophiuthi. La Caille makes it of the 

4.3 magnitude. 


34. Tuchd's 27 Capricorni. 

H. Asc. 21** 41' 0". Deck S. 14° 28' 0". Greatest and least 
mag. 6—0. 

This star could not be seen by Ilevelius, nor by Pigott in 
, 1778, 1782, and 1784, with his traiisit instrument. 

35. Tpeho's 22 Andromedir^ at the end of the chain. 

R. Asc. 21** 43' 30". Deck N. 49° 15'. Greatest and least 
mag. 4—0. 

t’assiui observes that this star was grown so small, tliat it 
could scarcely be seen. It should be near the two v C'ygiii, 
but Pigott coidd find no star in this place in 1784 and 1785. 

36. Tpchd's I9lh Aqnarii. 

' R. Asc. 22“ 25'. Deck S.'15° 55'0". Greatest and least 
mag. 6—0. 

IlevcJius remarks that this star was missing, and that Flam- 
stead could not see it with his naked eye. Pigott, w'ho could 
not see it in 1782, is confident that it is the same as Flamstead's 
56th, markedy*by Bayer, from which it is only 1 j® distant. 
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37. 0 Andromedce. 

R. Asc. 22** 52' 6". Decl. N. 41° 10' 45''. Greatest and least 
mag. 4—6. 

According to Pigott, this star is less than o- Cephei, cc}ual to 
^ Cassiopeia;, or perhaps rather brighter than it, and brighter 
than X or t Andromedse. 

. 88. La Cailk's 483 AquarVi. 

K. Asc. 22*‘ 55' 40". Dccl. S. 8° 50' 45«. Greatest and least 
mag. 7—0. 

Mr. Pigott found this star missing in 1778, and he could not 
see it in 1783 or 1784 


St^ra hup- 
posed by Dr. 
lierschd to 
be lost. 


The following 13 stars are ranked by Dr. llor- 
schel among those that are lost, or have undergone 
some great change. 


80 and 81 Hercules. 

These stars, though of die 4th magnitude in Planistead\ ca 
taloguc, gre not to be found. 

71 Hercules. 

Tliis star is of the 5th magnitude in Flainstcad’s catalog ut, 
but seems to be lost. 


55 Hercules. 

This star, which Dr. Herschel saw on the 12di April 178‘<?, 
is now lost. 

56 Cancer. 

This star has vanished, though it is of the 6th magintude. 
There is a telescopic star near its place. 

19 Perseus. 

This star of the 6th magnitude is lost. 

108 Pisces. 

This star of the 6th magnitude, near the head of Aries, is 
lost. 

73 and 74 Cancer. 

These two stars of the 6th magnitude, in the southern claw 
of file Crab, are ciUier lost, or have suffered such great changes 
*hat they can no longer be found. 
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8 Hydras. 

This star is lost. A star just by it may be the 31st Uni¬ 
corn. If this last should be the 8th Hydrae, and a small star 
near it the 31&t Unicorn, their ma^itudes and places have un¬ 
dergone u great change. 

• 

26 Cancer. 

This star is lost. 

62 Orton. 

This star is lost, and a star near the 54th and 51st is not 
noticed by Ulamstead. 

34 Berenice's Hair, 

This star ol’ the 6th magnitude is lost. 

19 B^ctiicc's Hair. 

This star is either lost, or has moved and changed its mag¬ 
nitude. 


The following stars are ranked by Dr. Uerschel 
among those that have changed their magnitude since 
th(‘ time of Flamsteed. 


Stars which 
Dr. Hcrschtl 
supposes to 
have changed 
their magni¬ 
tude. 


et Draconis i.s much less than /S, though P'Jamstcad makes it 


smaller. 


» (’etl is much less than /3 Ceti, though Fiamstcad m.akcs the 
former of the second, and the latter of the 3d magnitude. 

^ Serpentis is le^s than t, though Fiamstcad makes them of 
the same magnitude. * 

u in the Swan is brigliter than x- 

3’he 2 of the Great Bear is of thp 5th, and not of the (ilh 


magnitude. 

t] Bootes is much larger than 
I Dolphin is much larger than y. 

/3 Triangle is much larger than c. 
y Eagle is larger tlian li. _ 

9- Sagittarius is larger man ?■, y, and t, though marked as 
smaller. 


5 of the Great Dog is larger than p. 
y> Serpent is much larger than 
K Serpentarius is larger than y and i. 
P of the Little Horse is less than 
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S Dolphin is lai'ger than f. 
t Bootes is larger than 
2 in the An’ow is larger than « and (S. 

5 in the Groat Bear is less than C, or «. It is only of Uie 
4th magnitude, iilnle these three are at least of (he ~.0. 

» Great Bear is much lesa than any other star inaiked, like 
it, of the t.‘^ niaonitudc. 

The Isl and £d Il^dra? are only of the Sth or 9th in.ignitude, 
instead of the Itli, a>) they ai.. marked by Flanistead. 
y Li no is much larger than /3. 

Ti’he 31st and 34th of the Dragon ha\e changed greatly. 
Tlie 31st has imreased from the 7lh to the 4lh, and the 31th 
has dnmmslicd liom tlic 4.5 to the 6.7 magnitude. 

44 Cancer is onl y ol the 8.9th, instead of the 6th magnitude 
96 Taun is ol‘ die 8th, ratlKr than of the ('th, m.iemtude. 

62 Aries IS of the 5th, and not olllthe 6th, magiuliuie. 

12 and 14 L}n\ arc just the leici’sc of vh.it I’l tm-lLad li.is 
mrde them, th® one liaMng changed fiom iIk .itli to the 7th, 
ar 1 the other from the T th to the 5th, magnitude 

38 1 Cl eus, instead of the 6th, is equal to S and k ol the 4lh, 
magnitude. 

8 JVi .eus is less than t. 

S Ihiicoin IS Ic^'s than 76 Orion, though the former should be 
of the 4th, and tlio hitter of the 6th, magnitude 

23 Gemini, though of the 5tli, is less than the 21st of the 
6.7 magnitude. 

26 Oiion is either lo‘-t, or has diminislud gicatl^ in magnitude 
^ Lion IS less than the 5th, though Flamstcad makes it ol llie 
4th, magnitude. • 


Stars that The following stars arc marked by Dr. Ilciscliel 

as among the stars that have recently become ^ i- 
sible. 

A star in the end of the Lizard’s '^fail, of the 4.5 niagnltuiV', 
IS not recoided by Flamstcad, though be notices tlie 1st of the 
Inzai'd. 

The star of the Sth magnitude, following t Perseus, is pro¬ 
bably new. 

A star near the Head of Cciilicus is notgben by Flainstcad. 
A considcublc star, in a direction from the 68tli to the 61st 
Gemini, is not in I'lanistead’s catalogue. 
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A star of considerable brightness, preceding the 1st of the 
Little Horse, is not given by Flamstoad. 

A eonriderablc star, following the 1st of the Sextant, and 
another following the 7th, are not in Flamstead'’s catalogue. 

A remarkable star between /3 and o Hydra, is not given by 
Flanistead. , 

A star nearly 1'’ SO' north following 5 Hercules, in the direc¬ 
tion of 3 mid 3>, and of the 4.5 magnitiulc, is not given by Flani- 
lead. 

About S'" south jirecediug y Bootes, is a star of.the 6*th mag¬ 
nitude ; and south jireceding is another of the same size, not 
ob'-ervt'd by Flainstoad.^ 


III. ON SINGLE, oa INSULATE)) sTATlS."* , 

By the name of insulated stars. Hr. llei-sehel denotes those 
eell'^tial bodies which are in a griMt degree out ol‘ the reach of 
the all racti\e force of other stai’s, such as our Sun, Arclurus, 
(’.iju'll.i, l.M'a, Sirius, Canopus, IVIarkab Ihlletrix, Menkar, 
Sheclir, Algorah, Bropus, mid ])robably many others, it is 
olnious that no two slm*s in the universe can be altogether out 
ol‘ the s])herc of each other’s attraction ; but in the case of Sirius 
and our Sun, wlj^ch, upcm the supposition that their masses m e 
rqu'il, and that the former has a jiaraliax of 1", would take 33 
millions of >ears to fall to one another by ihcnr mutual aelion, 
we are ciililled to say that they are insulated. Insulated stars 
iire considered by Dr. Herscliel as the centres of extensive j'la- 
iietary sj’stcms like our ow'ii; anojiiuiou which he deduces Ironi 
analogy, and fi’om the nature of other sidc'i'eal comhinatioijs. 
Instead of supjiosing, therefore, as has generally lieen done, 
that eiery star in the firmament is encircled with planets, satel¬ 
lites, and comets. Dr. Hcrschel believes that the insulated stars 
alone mv surrounded with such numerous attendants. 

IV. OF DOUBLE STABS, OB BINABY SIDEBEAL SVSlTMS. 

A binary sidereal system, or a double star ])rc)perly On double 
so called, is formed by two stars situated so near 

• 4 

« 

s Rce PhiL Trans. 17113, toI. Ixxui, p. 247, &c. 

* In die remaining articles of this Chapter, we have followed the dastiiicatian 
adopted by Dr, llcischcl. 
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each Other, as to be kept together by their mutual gravitation. 
The two bodies may revolve round their common centre of gra¬ 
vity in circles, or in similar ellipses, the dimensions of their or¬ 
bits being pro[jortional to their relative quantities of matter. 

Two btara may Have the appearance of a double star, though 
they do not form a binary system, wlioii the one is situated at 
an immense distance behind the other, but a little on one side of 
the line in iihich we see the first. They arc in this ease out of 
the reach of one another's attraction, though in tlie heavens they 
appear to be oontiguous. 

Dr. Her'^chel has shewn, that no two insulated stars can a|)- 
pear double to us, and that there are very many chances against 
the supposition that the great number of double stars ivhich 
he has distmered, sliould only appear to be double in conse¬ 
quence of the one being situated at a great distance behind the 
other, and out of the sphere of its attraction. Hence, he con¬ 
cludes, that as casual situations will'not account for tlie numer¬ 
ous ]/heiiomena of double stars, their e.Kistence must be ow ing 
to tjieir mutual gravitation. 

This interesting conclusion, however, is not founded merely 
on probabilities. From a series of obscr\ations on double stars. 
Dr. llerschel has actually found that they lia\e changed their 
situations with regard to each other;—that llie^nc performs a 
revolution round the other, and that the motioti of sonic of 
t)iem is direct, while that of others is ittrograde. 

From the motion of our Sun in absolute space, it is natural 
to suppose that it performs a revolution round some distant 
centre; but Dr. IIer.schcl believes that the Sun does not belong 
to any binary system, and that its progressive motion is owing 
to some perturb 4 tions arising from the proper motion of neigli- 
bouring stars and systems. 

From a series of obsenations made during a jieriod of 25 
years, Dr. Herschel has found that in more than 50 of the 
double stars there is a diaiige either in the distance of the two 
stars or m the angle that a line joining them forms with the di¬ 
rection of their daily motion, which he calls the angle qfpo&ition. 
A few only of these inteiesting observations have been pub¬ 
lished. They relate to six double stais, \i/. » Geminoriini, y 
Lt'onis, 1 Bootes, ^ Herculis, 5 Serpcntis, and y Virginis. 

Cubtur. — Castor^ or « Gvminorum, was observed by Dr. Her- 
schel from the year 1778 to the year 1803. lie never could 
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perceivt* any variation in the dihtancc of the two stars, ivhich 
was uiiilornily 1 Jj of the diamctor of the lar^e one. See Plate VI, 
Sup. Fi^ 2. In the angle of position, however, a remarkable 
change had taken place. In the year 1779, November 5th, it 
was 32“ 17' N. preceding,^ and on Mfirch 27tli lb03, it had dimi- 
4iished to 10“ 53', which was a decrease of 21° 54', in the spgce 
of 23 years and 112 days. From the fticasnrcs of this angle, 
Hikeii at intermediate times, it appears that the angle ol* position 
lias siiflered an irregidar and gradual diminution. In the year 
1759 Dr. ilradley had observed that the linejoininglhetwostars 
« hicli form Castor was, at all times of the \ ear, parallel to the 
line joining Castor and Pollux, and Dr. Maskel^ne had verified 
this result in 1760 or 1761. liy thh. observation, Dr. Herseliel 
has obtained an addition of 20 years to the period, and has found 
that the angle of position must then have be<?n 56° 32' N. pre¬ 
ceding. Hence, in the space of 43 years 142 days, the angle of 
jiosition has dhninislied 45° 39'; and, from the regularity of its 
decrease, it is highly probable that the orbits in which the two 
.stars move round their comjnon centre of gravity are nearly 
circular, and at right angles to the line in which we sec them; 
and that the time of a whole ajiparent revolution of the small 
star round Castor will be nearly 342 years and 2 months in a 
retrograde direction. 

y Lvimts. —The distance of the two stars which compose the 
double star of y Xconis, has undergone a dwided change from 
I'chruary I6lh 1782 to March 2Cth 1803. From an immense 
number of observations, it ap])ears tliat the two stars w'cre, in 
1803, one half of a diameter of the small one farther asunder 
than they were in 1782, wdien the interval w'as ^ a diameter ol^ 
the small star, with a power of 2010. The diametera of the 
two stars wer« as 5 to 4. The angle of position, on tlic 16th 
February 1782, was 7“ 37' nprtli following, and on the 26th 
]Marcli 1803 it had diminished to 6“ 21' south following. From 
the interval between the two stai-s, the ratio of their diameters, 
and the variation in the angle of j)osition. Dr. llerschel has 
found that tlic apparent orbit of the small star is elliptical, and 

5 North preecding signifies that tlie smaller star is north of the larger one, and 
precedes it in their dtumal motion; and nortli following dent tes tlut the one is north 
of the otficr, and follows it in their diurnal motion. South preceding and south lol- 
lowing indicate the Same thing, with this dilFcrencc only, that tl*c small star is south 
of the other. 
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tliat it performs a ^hole revolution in about 1200 years, in a re¬ 
trograde direction. 

f Bootes ,—The beautiful double star of * Bootes is composed 
of two stai s, one of which is of a light I’cd, and the other of a fine 
blue colour, having the aj)pc*arancc of'a planet and its satellite. 
With a pover of 460, and an aperture of 6.3 inches, thq dis^ 
tince between the twd stars in 1781 was 1|, the diameter of 
the large star, and in 1803 the interval had increased to 1 ] of 
that diameter. The ratio of the size .of the stars is as 3 to 
2. On the 31st of August 1780, the angle of position was 
32" 19' nortli preceding, and bn the 16th IMarcIi 180.3, it had 
inci cased to 44" 52', w’hich is a change of 12" 33' in the space 
ot 22 years and 207 clays. From these facts, Dr. Herschel 
concliides that the orbit of the small star is elliptical, and per¬ 
forms its .rcvolufS.on, according to the order of the signs, in 
1681 years. 

C Hercules .—The double star ^ Hercules is composed of a 
greater and a lesser .star, the former of whicli is of a beautiful 
blui h while, and the latter of a fine ash colour. On tlic 18lli 
of July 1782, the interval between the two stars w^as one half 
the diameter of flie smaller one, with a pow er of 460. On the 
21 .St July of the .same year their distance remained the .saiiic, 
but with a pow’er of 987; they weie one full diameter of the 
small star asunder. In 1795, Dr. Ilcrscliel found it difficult 
to perceive the small star. In tl^e month of OcU)ber 1795, 
however, he saw it distinctly, with a })ow(>r of 460. In 18(>2, 
he could no longer perceive the small star; but.in a clear night 
in September of that year, with a power of 460, the apparent 
ilise of ^ Hercules seemed to be a little lengthened in one direc¬ 
tion. With the ten feet telescope, and a pow'cr of 600, it had 
till* apiicarance of a lengthened or rather wedge-formed star. 
With a power of 2140, he agaiii^ examined it on the 11th of 
April 1803, and found the disc a little distorted ; but he was 
'“convinced that not more than three-eighths of the apparent 
diameter of the small star was wanting to a complete occulta^, 
tion. The angle of position,.onJ;he 21st .July 1782, was 20" 42' 
nortli following. 

^ Serpcntls .—The double star of J Serpentis has, like * Bootes, ^ 
undergone a considerable change in the angle of position^ with¬ 
out any %ariation in the distance between Uie two sjnrs. On 
the 5th of September 1782 the angle of position w'as 42“ 48' 
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south preceding; and on the 7tli February 1803 it was 61® 27' 
south preceding, ha\ing sustained a diminution of 18® 89' in 
the space of 19 years and 155 days. Hence the period of a 
complete revolution of the smaller star will be about 375 years. 

y V/r^if/h .—The double star of y Vir^ms, which has long 
been known to astronomers, is composed of two stars, which 
Dr. ITerschcl at first considered as nearly equal, though ho has 
since ascertained that tlie one is a little larger tlian the other. 
Their distanee, which is about 2^ diameters, has continued 
the same for 21 years, while the angle of position has varied 
considerably. On the 21st November 1781, the angle of po¬ 
sition was 40" 44' south following, or rather north ])reccding, 
since the other star was afterwards found to be the smaller 
of tlu* two; and on llie 15th of April 1803, tlie angle of po¬ 
sition was 30" 20' north preceding, having sufiered a diminu¬ 
tion of 10" 24'in 21 j ears and 145 days. From an observa¬ 
tion ol' Mayer’s, however, in 1756, Dr. Hcrschel has found the 
angle of jjosition for that jear to lie 54® 21' 37" north prece¬ 
ding, which gives a motion of 24® 2' in 47 years and 105 days. 
1 leiici* he concludes that a complete revolution is performed in 
alxml 708 year.s. 

]M. liesscl of Konigsberg, who has recently attended the 
motioil oi‘ double stars, has concluded “ that the double stars 
foi'ju a particular system by themselves. Several stars of this 
kind, by their common motion, shew a mutual dependence; but 
the one most worthy of being remarked is the star in the Swan 
. (See T)r. Horschel’s 4th class, in the following Table), which is 
the Gist in tlie catalogue of Flomstcad. This double star has a 
great velocity. It is evident that the two stars arc held,toge¬ 
ther by their mutual attraction; and that during 60 years they 
have described a considerable |xirt of their orbit round their 
common centre of gravity.” In confrniation of these views, ]\I. 
Ilcssel (Journal of Gotha, August 1812, p. 141, September 
1812, p. 205) adduces tlie observations of Hovel jus, Fl.amstead, 
Bradhy, Ilerschel, Agclet, I.alaude, and Piazzi. The longi¬ 
tude of the star for 1800 he iiiak' ^4514® 29' 5".88, and its lati¬ 
tude 37® 46'SO" 27 N. The proper annual motion in longi¬ 
tude being 5".0683, and in latitude 3''.3580. He supposes its 
time of re vol II lion to be about 400 years; tlie half of its greater 
axis 25"9; and the annual parallax 0".46. In these results 
neither the observations of Hcvciius nor Fiazzi are included. 
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because tlie former are too uncertain, and the latter too modem. 
By including Piazzi's observations, he obtains for tlie two stars— 


1803, 

Proper motion, 


Loniritude. 

314« 32' 28".5 
314 32 46 5 
+ 5".1750 


N. liatitude. 

37^ 47' 54".6 
37 47 37 5 
+ 3".2637 


See De Lambre’s Astronomic, vol. iii, p. 198. 

Having thus given an account of some of the prin- ^^marks ou 
cipal revolutions of double stars, we shall now lay theCata- 
before our readers a complete catalogue of double ye'sta^”'** 
stars, containing the angle of position, the distance .. 
of the stars, their colour, and their relative magnitudes, ac cord- 
inff to the observations ©f Dr. Ilcrschel. 

Dr. Ilerschel has divided double stars into six classes. In 
the,/?7wi class he has placed all those that require a very supe¬ 
rior telescope, and the mo.st favourable circumstances, to be 
distinctly seen. In order to perceive the most minute of tlie se 
delicate objects, such as u of the North Crown, Dr. Ilerschel 
advises that the telescope should be first directed to « Gemini, 
or to ^ Aquarius, ft Dragon, g Hercules, « Pisces, or e Lyra, 
tliat the eye may be accustomed to this class of objects. The 
telescope should next be turned to | in the Great Bear, to the 
treble star in the Unicorn’s right fore-foot, to i Bootes, which 
is a fine miniature of » Gemini, to the star preceding * Orion, 
to n Orion, and then to n in the North Crown. All these Dr. 
Herschel has observed with a power of 227. When the stars 
are of unequal magnitudes, he recommends them to be exa¬ 
mined in the following order: « Hercules, « Auriga, J Gemini, 
k Swan, • Pcr.seus, b Dragon, and then the beautiful star « 
Bootes. The second class of double stars contains those in 
wrhich the two stars are so near each other, that their distance 
may be estimated by the eye, in diameters of either of the stars. 
The third class contains 'ill those in which the two stars are 
more than 5" but less than 15", asunder. The stars in this 
class may be seen by telescopes that magnify from 40, to 100 
times, and should be observed in the following order: ^ Great 
Bear, y Dolphin, » Bootes, y Virgin, t Cassiopeise, and f* Swan. 
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The Jburth class contains those stars whose distance is from 15" 
to 80". The fifth class contains those whose distance is from 
SO" to 1'; and the ^a:th class tliose whose distance is from 
1' to S', or more. 

In order to perceive the closest of the double stars, Dr. Hes- 
schcl ad\ises that the power of the telescope should be adjusted 
upon a star known to be single, of nearly the same altitude, 
magnitude, and colour, witli the double star which i.s to be ob- 
.served, or upon one star above and another below it. Thus 
Mr. Aubert could not see the two stars of y Leonis, when the 
focus w'as adjusted upon that star itself; but he soon observed 
the small star, after he had adjusted the focus upon Regulus. 

In the following Tabic, NP;SP;NF;SF; stand 
for North Preceding, South Preceding, North Following, South 
Following. L stands for tlie larger of the two stars, and S for 
smaller. In column 5th, V. signifies very unequal; S. slightly 
iinc([nal; K. extremely unequal; Ex. excessively unequal; C. 
considerably unequal; P. pretty unequal; Eq- equal. 

The following Table dontains an account only of the .prin¬ 
cipal stai's in Dr. HerschePs catalogue, as the limits* of this 
work would not permit us to give the whole of them. In the 
next Table, however, wc have in some measure supplied tliis 
defect, by giving the positions of ail those that have been 
omitted in Table I; so that, with a little trouble, the practical 
^ astTonomeT may find them in the heavens. 
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Table I.-— Containing a Description of the principal Double Stars 
in Dr. Herschel's Catalogue. 


First Class. 


1 • 

§3 



\lll7lunt I'CrtitlOII 




ti 

Niin('^of1h( Con- 

c - 

fix mid b\ till 

Distant Wwifii 


•mt ’mt 

f'y 

it 

^t('llltI ms 111 s\lii(li 
tlii) are pbscil. 

1 z 
«/ *• 

lull joiimif.' till 

ir>. .111(1 tilt p 1- 

till ^Ui'., and 
i.Iitni Mag. 

Colour of tlic ‘'t r?, 

L. denot.jif thi 1 i < i mil b. tin 

- 

1 illil It Dudina 

lutudf. 

«mallpT of till t«o. 





turn. 




36* 

Bootes 

E 

31' 

54' N.P. 

1 1 dia.L. F. 

L. reddish, S. blue. 

yj 

(Treat Bear 

i 

53 

47 

S.F. 

o 

3 

S. 

Both white and bright. 

8 

Cassiopeia 


66 

28 

N.P. 

I 

V. 

L. reddish wh. S. dusky. 

39 

DrafTon 

b 

77 

8 

N.F. 

3 

4 

E. 

L. white, S. reddish. 

63 

Dragon 

e 

6j 

14 

N.P. 

1 

E. 

L. white, S. dusky. 

59 

Serpent 

ti 

11 


N.P. 

f 

F. 

li. reddish white, S. blue. 

14 

Bootes 

i 

iiO 

54 

N.F. 

IS. 

C. 

Both white. 

2 

Northern ^ 
C’^own f 

s 

59 

19 N.F. 

1 

S. 

Both whitish. 

33 

Orion 

n 

60 

55 

N.F. 

|S. 

C. 

L. white, S. bluish white. 




Two nearest 


32 

Orio;n 

A 

52 

10 

S. P. 

i 

C. 

Jj. white, S. rosy white. 

2 

Lion ^ 

Of 

VO 

54 

S.F. 

In cont 

C. 

Both red. 

4] 

Lion 

V 

5 

24 

N.F. 

^s. 

P. 

L. white, S. reddish ■white. 

40 

Hercules 

? 

20 

42 

N.F. 

1 

F. 

L. white, S. ash colour. 

11 

Hercules 
star N. & Fol 


59 

48 

S.F. 

1 

C. 

Both reddish. 

13 

Serpent 


42 

48 

S.P. 

^S. 

C. 

L. white, S. greyislt 

81 

Virgo 


41 

12 

N.F. 

1 

Eq. 

49 

Serpent 


21 

33 

N.P. 

k* 

S. 


10 

Opbiuchus 


14 

30 

N.F. 

1 S. 

C. 

L. white, S. blue. 

52 

Eagle 

yr 

34 

24 

S. F. 


S. 


18 

Swan 

i 

18 

21 

N.F. 

1 

F. 

L. white, S. reddish. 






Second Class. 


66 

Gemini, \ 
Caitor, j 

0C 

32“ 

47' N.P. 

lS.or5"S. 

Both white. 

64 

Hercules 

X 

30 

35 

S.F, 

l2or4".6r. 

L. red, S. bluish green. 

75 

Hercules 

p 

30 

21 

K.W 

11 or 3 

P. 

Both white. 


Serpentarius 

V 

9 

14 

S.F. 


C. 

L. white, S. reddish. 

55 

Aquarius 

\ 

71 

39 

N.F. 

l4 or4 .6Eq. 

Both white. 

7 

Northern \ 
Crown j 

1 

25 

51 

N.P. 

3 or 5. 

5C. 

L. white, S. reddish white. 
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THE FIX£J> STARS. 


GH XI. 


Thir^ Class. 


59 Great Beav | 
Cassiopeia 

55 Cassiopeia 
€7 Audromeda 


I 


29 Bootes 
5 Aries 
2 Dolidiin 

17 Bootes 
78 Swan 


29 lVirgo 


IdlCencer 
S9 Serpentarius 
95 Hercttles 


: 56*46'S. F. 14 ".5 
n 27 56 N.F.ll .3 

10 37 S. F. 7 .5 
y 17 37 N.F. 9 .3 


^ 15 28 S. P.13 .1 

A 64 51 N.F.14 .4 

a- 6 28 S. F. 6 .2 

y 86 5 N.P.10.2 

y 4 9 N.P.II .8 


C. L. white, S. rosy white, 
r. L. fine white, S. 6ne gar¬ 
net. 

E. L. white, S. bluish red. 
y . L. reddi^ white, S. green- 
ash blue. 

< 

V. L. bluish white, S. garnet. 
y. L. whitish red, S. red. 

P. L. white, S. reddish white. 

Eq. Both wlute. 


,54|Leo 


» SO OS. P. 12 .5 y. L. white, S. dusky. 

^20 15 S. F. 6 .9 C. L. white, S. bluish. 

9 42 S. P. 12 .5 S. Both white. 

76 16 S. P. 13 .7 C. L. white, S. dusky red. 

y 40 44 S. F. 7 >3 Eq> Both white. 

C 88 16 S. P. 8 .0 C. Both pale red. 

87 14 N.P. 10 .0 y. L. white, S. bluish. 

4 9 S. P. 6 .1 Eq. Preceding wliite, follow¬ 

ing bluish white. 

9 14 S. F. 7 .1 C. L. bright white, S.greyish 

white. 


ercules t 88 23 N,F. n .7 Eq. 


38|Ganim 


ISjPerseus 
Pisces 


e 89 54 S. F. 
TWo nearest 
47 33 N.P. 

« 20 0 N.P. 
58 54 8.F. 
2 36 N J». 
e 17 15 N.F. 
» 32 30 S.F. 
80 0 N.P. 


7 .8 E. 


Preceding reddish white, 
following white. 

L. reddish white, S. red. 


14 .6 E. L. reddish white, S. red. 


13 .5 E,, 

12 .5 C. 
13.4 y. 
11 ‘.S E. 
5*8« E. 
ft.5 C. 


Lynx 


2 

natici 
37 Great Bear 


46 54 S. F. 14 .2 6. 


48 if2 rv.p. 
11 0 S.P. 
75 S6 N.F. 


7 .2 y. 

12.2 y. 

Just vis. Eq. 


L.reddi^ white, S. dusky. 
L. reddish wh. S. pale red. 
L. reddish white, S. red. 
L. white, S. red. 
h, fine %hite, S. red. 
h. white, S. reddish grey. 

L. reddish white, S. bluish 
white. 

L. whitish red, S. red. 
L*red, S. bluish. 

L. white, S. a>rea point. 















CH. XI. 


ON THE EIXEH STARS. 


117 
17 
54 

55|£nddnus 
3 

5|Serpent 


Both reddish white. ^ 
Both reddish white* 

L. white, S. bluish red. 

L. pale r^, S. reddish wh. 
L. dusky, S. dusky p red. 
Ex. L. reddudi wMte, S. dusky 
blue. 



1 Little Bear) 
Pde Stai 5 
20 Lyra 
Capricornus 
Peiseus 

33 Aries 
63 Serpent 
31 Dragon 
86 Pisces 
74 Pisces 

59 Taurus 
17 Swan 
91 Aquarius 
83 Leo 
12 Cor Caroli 

61 Swan 
14 Auriga 
47 Qragon 
50 Orion 
63 Swan 
45 Swan 

24 Berenice’s 1 
Hair / 

23 Great Bear 
61 SerpentarU) 

us, near y ) 

6 Dolphin 
28 Serpent 

7 Little Horse 

24 Aquarius 
10 Triangle 
86 Hercules 
17 Virgo 


» 66* 42’ S.P. 17"-2 E. L. white, S. red. 

« 31 51 S.P.25 .7 C L. white, S. red, 

? 25 .0 E. 

n 25 0 N.P .26 .0 F L. red, S. blue. 

* 

87 14 25 .5 C. V white, S. dusky. 

f 19 .4 Eq. Both white. * ^ 

^ 28 .2 P. L. white, S. pale red. 

C 22 37 N.F.22 .2 P. L. white, S. bluish white. 
1,^80 0 S.F.22 .5 I 

I 

X' 18 .7 

jc 24 .9 F. L. white, S. dusky red. 

^ 23 .1 Uneq. 

54 55 &. F. 29 .1 4 ^. Both reddish. 

41 47 S. P. 20 .0 F. L. white, S. reddish. 

36 28 N.F. 16 .1 P. L. red, S. garnet 

37 38 S. P. 16 .1 F. L. reddish wh. S. dusky. 

0 90 ON. 26 .6 F. L. pale red, S. dusky 

I 83 25 N.F. 2 5 .0 F. L. white, S. dusky. 

/ 18 .2 £. L. fine white, S. dusky. 

2 <v 7 23 N.P. 30 .0 C. L. reddish wh. S. dusky, 

two bn^test 

3 «8 N.P.18 C, 

4 

h 3 14, N.P. 19 .2 E. L. reddish wh. S. dusky. 
Directly fol -19 .1 S. L. white, S. gr^. 

lowing. 

^ 78 0 N.P.25 .9 E. , 

5 3“ or 4* S.P.24 .0 , E. L. white, S. faint 

> 11 39 N.F.I 9 .5 Ex. 

25 .0 F. L. white, S. dusky. * 
a 17 .3 Ufteq. 

ft SO 0 S.P.18 .0 JSa;.L. palish red, S. dusky. 

58 21 N.P. 20 .1 C. L. white, S. bluish. 
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44 Virgo 

48 Can-'cr 

80 Gemiiu 
ISjLibra 
42 Hei cules 

40) , 

and > Dragon < 
41 ) ^ 

77 Piew'es 
51 Pisces 

12 Capricorn 
ISCepheus 
llGreat Dog ) 
Star / 

26 Whale 

^ « 

23 Orion 

Taurus 

27 Ship 
Unicom 

5,0 Auriga 
7 Crow 
€9 Taurus 

s 

54 Cancer 
idOphiuchus 
29 Camelopard 

49 Andjromeda 

■a 

100 Pisces 


k 32" 30^ N 1 22 '..i 
i 39 54 N P. 29 9 

vr 21.^ 

' 44 45 \.F 18 .0 
■3 42 S.r.l'JJ /) 


"5 15 S. P.20 .0 

4 48 N F.20 6 
0 36 N.F.22 .5 

0 .3t) 45 S.P.23 .6 
^ 77 48 a P.21 .1 

rectly prec. 

14 36 F.1M7 .0 

w 59 33 N.F.26 .1 

23 15 N.F. 19 -8 
69 12 N.P 17 .4 

15 1‘2 29 .9 

50 3 a P.23 

J 54 0 a P.23 .5 
21 12 N.P. 28 .1 

ft 

29 oaF. 17.3 
3 9 a F.20 .4 
47 86 S.F.22 .4 
55 9 N.F. 15 .2 


E. Is. white, S. du^ky blue. 
(' L 1 eddish while, S dusky 

f. til et 

Fr L. triut, *=! dn^ly. 

Es. Is led, S. blue. 

f', 1.. icd, S. luldidi w'htte 

n L. reddish white, S. pale 
red. 

a 1« wliitish red, S pale red 
V. L. reddish white, S, dusk- 
ish. 

P. Both reddish wlute. 

(S'. Li. w lute, S. reddish white 
Is. reddish white, S. pale 
ud. 

Vt L. reddisli wliitc, S daik 
blue. 

Cs L. It lute, S. pale red. 

F. L. pale red, S. dusky rid 
»S. L. w lute, S. reddi..h w hite 

L. wBitish red, S. duskj. 
Es. Is. reddish white. 

J\ L. white, S. red. 

C. L. white, iS. red. 

S. Both reddish wlute. 

F, L, pale red, S. dusky. 

F. L. pale red, S. dusky. 

(S'. L. reddish wh.S. pale red. 



5 0 N.F.{l5 9 P. l it, pale red, S. red. 
Fifth Class. 


U. white, S. reddish wh. 
L. white, S. rosy white. 
Ureddish white, S. bluish 
white. 

L. pale red, S. fine blue. 
Both white. 




r 





3 

72* 

28' 

^F. 

33' 

'•7 

£. 

Z 

62 

18 

aF. 

42 

.0 

P. 


86 

28 

N.F. 

88 

t.8 

a 

5*69 

28 

N.P. 

39 

.5 

c. 

¥ 

.79 

37 

4 

Sd 

‘.3 

K 

K 

|52 

51 

N.F. 

40 

.0 

s. 

i 

88 

10 

N.P. 

37 

.6 

V. 

9 

88 

10 

N.P. 

53 


a 

t 

44 

19 

N.P. 

54 

.5 

Ss 


L, pale red, a red 
L. white, S. dusky. 

L. white, .a bluish red. 

Both pale red. 
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Oir TBE FIXED STABS. 


CB XI. 


Sixth Class. 


esjWbale • 

11 Lyra 
5 Capricorn 
43 Gemini 
32 Lion 

84 Lion 
Edition 
58 Serpent 
49 Bootes 
51 Bootes 

11 Arrow 
9 Capricorn 

13 Auriga 
54 Swan 
58 Orion 
51 Virgo 
24 Libra 

87 Taurus^ifLl 
deharan f 
28 Orion 
] 4 Aries * 

14 Lion 

74 Lion ^ 

34 Aui^ga 
6l Virgo j 

15 No^ Grown 

12 North Crown 

8 Bootes' j 

57 Perseus 
5 Lynx 
8 Pegasus 
]t)5 Taurus 
i 06 lEh’i 4 lKitu 


V 

49' 

't 

F, 

4 



E. 

1 

15 


F. 

1 

31 

•9 

F. 

2 

48 

.3 

F. 

1 

22 

.7 

a 

1 

30 


E. 


1 29 ‘5£x. 
1 3 .5 E. 


2 49 .1 Ex. 
1 18 .2 F. 

1 27 .7 F. 

1 85 .2 E. 

I 80 E. 

m 

1 86 ,4 P. 

2.0 N.P.1 28 .8 F. 
52 45 N.P. 1 SO .9 F. 

8 0*S.P.l 41 iS F. 

1 0 .4 (X 


1 17 . 9 ^- 

2 «5 .7 P. 


4 44 NP. 





















CH. XI. 


OK THE mSJ) STAKa. 


Table II. Containing the Names of the ihuhk Stars obkrved ^ 
Dr. Hefschel, but 7tol contained in the preceding Table. 


10 Dragon. 

38 Middle of Lynx'a TUI. 

11 Cancer. 

24 Eagle. 

Near 51 Bootee. 

Smallest of the twobetween 

4 and } N. Crown. 
h Dragon. 

52 Orion. >, 

c Triangle. 

In the bind thigh of the 
Little Dog. 

Near 44 Lion. 

2 I Cancer. 

Between 39 and 41 Lynx. 
South preceding 44 Lynx. 
05 Casuopda. 

38 Serpentarios. i 

N. preceding 18 Perseus. ' 
S. preceding ^ Cassiopeia. 
N. preceding 25 Cassu^. ■ 
North of 31 Dragon. 
Near 4 r Dragon. 

4 Aquarius._• ' 


11 In the Unicorn’s left 
• foot 

Near 11 Serpentarius. , 
108 Aquarius. 

Near 42 Orion. * 

Near 54 Eagle. w 
Neu 03 Eagle. 

56 lOTagon. 

Near 6 Trianj^ fbSow- 
ingf. 

32 Eridannsb 
In a duster of six ftWin 
the Unieom’i head. 
Largest of three S. 
lowing 15 Bootes. 

2* S. fUQowing Vteepm* • 
1” 15' S. ib * 

40'%.T.4AlM 
54 TirgtslA* * 

Near 42 Bavenioe’i 
S. preceding 16 Aux^ 
SO^K. 0 Fkm. 

SO'pweediag 40 Bmpda 
15' pree. 12 


First Class. 


S. preceding /t Auriga. 
N. preceding 29 Capricorn. 
Preceding 6 Cepheus. 

N. preceding x Ciqiheus. 
Preceding x Aquarius. 
P'oUowing I Cej^euB. 

N. following 25 Orion. 
Preceding 30 Orion. ^ 
Preceding t Oribn. 

N. preceding 8 Taurus. 

8. following 54 Whale. 
Following I Lyre. 
Between 1 and jS Lyre. 

S. ibllowing X Lyre. 

N. prec. 1 Little Horse. 
S. fblL 2 Little Horse. 
Sooth of y Little Horse. 
N. following 8 Arrow. 

S. preceding 23 Dragon. 
Near the nebula in Api- 
ga’e foot 
Near lO Orion. 

In the Lynx’s breast 


Second Class. 


30' 8. preceding i BulL 
1" S. following 4 Whale. 
I” N. precedi^ /5 Aries. 
2" 80'fhllowing » Aqua* 
ritts. 

45' S. followii^ 56 Whale. 
"2^ S.F.f Aquarius. 

20' N. F. { Gieat Dog. 

90' S. F. ir Orion. 

North of two Stan 8 Pe- 
♦ gasuB. 

^ S. F. g GemiiiL 
46' N. F. Pollux. 
15'S.P.y 
N. preceding fi Lyre. 
atK N. follow^ 4 Swan. 
I** 15' S. F. e Arrow, 
t* U' south e£ 18 Lyhx. 
11 Great Bear. 

I* Si, preceding r Aries. 
80' S. fldknring x Lion. 
80" S. F. d Etidanus. 
i*foUowlng 49 Eridamu. 
1« 8.fifflaiinag 31 Bootes. 


N. preceding BulL 
S. P. 44 Great Lear. 

€5 Great Bear. m 
N. preroding jS Aries. 
N. preceding 39 Aries. 

S. preceding 20 Orion. 
In the liynx’s breast 
Noith of « in the Cop. 
North of 11 Baluice. 

46 Hercules. 

S. preceding <r Serpent 
South of 50 Auriga. 

S. following 36 Lynx. 
North of 105 Herculsa. 
73 or q Ophiuchtis. 

69 or r (^hiochos. 

N. preceding two stars at 
the 56 Andromeda.* 

S. pi seeding ^ Aquarius. 
N. pu lading y Eagle. 
N. preceding 62 Eagle. 
S. following 33 Swan. 
'Following 51 Swan. 


30' N. of 22 Andromeda. 

1”30'N. F. 5 Serpent 

30' S. P. 49 Serpent 

South of 29 lued 30 Uni« 
corn. 

30' S. P. m Serpent 

1” N. F. 12 Unicorn. 

1* 45' N. P. 100 HcicuX 
les. 

In the buttock of the Ca* 
melopard. 

16' S. followii^ qtowxvdt 
X Eaffile. 

1* 20'N. P. 1 Androroeda.. 

20' BtHidi of n Ei|^ t 

1® 46' N. F. Ei^ tbi. 
wards i Ddpbin. 

1®30'N.F. 5 towwde{ 
Swan. 

2® N. F. SI Swalt. 

2® N. P. 57 towards 49 
Cainelopanl. 

30' 8. P. e Orion. 



ON THE FIXED tTAXS. 


CH. Xt 



I X4ttl8 Horae. 

f2 Lynx. 

34 OaBaiupeta. 

3 Ship. 

Near 9 Ship 

8 Unicorn. 

Over t Hercules. 

II Eagle. 

Neitt 7 and 8 Eagle. 

04 Aquarius. 

51 Se^eqtariua. 

South of y Perseus. 

40 w 2 0 Perseus. 

Near 87 Hercules, 

N. F. rPriangle. 

In the left forc-iootof the 
Unicom. 

In the UnicDra. 

Ncju 10 Taurus. 

In Bootes. Draw a line 
through w and {to the 
small star under the 
light foot, and erecting 
a perpendicular towards 
the left foot, pf equal 
length, the end ot it 
wiU point out thia star. 


Followmg the tip of tlie 
Unicom’e car. 

30' N. F. r (leminL 
1» I j' N. P. 3 Ilvdra. 

45' N. r. 10 Onon! 

2» .'Ju X. F. y Virgin 
13 nr 2 r Great Bear. 

N. F. 18 or (; N. Crown. 
45' X of a cluster formed 
by the 4, 0,7, 9 of the 
Gooae. 

Near 19 Perseus. 

20 or 2 p I'erseus. 
Bttween m and 4 IJiagon, 
that ahull is nearest.. 
30' S. F. CA Sugittariuo. 
10' south of 58 Pertseoe. 

3 or i Hare. 

1° S P. 4 Aries. 

I" 30' X. F. C4 Aquarius. 
Preceding tlie tiam of Ce« 
phe'is. 

47)' S. F. 25 Whale. 

4.V K. P. 18 Peganus. 

In the I''^nicorn’8 check. 
4o' X. F. 3 Onop. 


45' S. F. 65 Anes. 

10» 45' S. P. 13 Bull. 

40 N. of 1 Whale. 

1' 30'preceding r Whale. 
Above .W from ^ towards 
I Lyra. 

atFX. F. 11 Bull. ♦ 
4** from 3 towards 1 Her. 
cults. 

30 N. of 103 Bull. 

1* N. F. 61 Ana,. 

1» N. P I Cancer. 

10 20' N. r. . Hare. 
fiO' S. 1*. y ]>idanus. 

In the Unitom’s Chtfk. 
2“ 16' S. P. 65 Eridanus 
1" 15' S. P. A Hercules. 
2® S. F. I Serpent. 

20' preced. 83 Hercules. 
N prcttding y Arrow. 
North of the cluster of 
stars in Sagittatius. 

45' N. P. 19 Eagle. 

1» 30' N. P. 19 i:agle. 

1® S. r. 3 Swan 

1® 15' N. P. 16 Unicorn. 


ForiiTii Class. 


In the right ear of the Ca< 
melop..rd. 

31 Cassiopeia. 

Near the variablo star 0 
Whale. 

19 Ship. 

Neat yjand towards Z Bull. 

44 Ijjnx in tlie Eye or 
Nose of the Little Lion. 

Near a star preceding i 
Eagle. 

N. F. r Swan. 

Beside y Hercules. 

A Eridanus. 

S. F. t Bull. 

^O^^^dwing Ip towards n 
Orioo. 

21 Gemini. 

3 lion. 

I* N. F. I Virgin. 

SfP F. 3 towards Z Hydra. 

3'30"N.F.41 Lynx. 

jS7S>F. 42 Berenice’s Hair. 

B® SO' N. P. 36 UeieBioe’s 
Hair. 

JP or 3' S. P. « Lysa. 

1* N. F. 4 Great Bear. 


30' 8. P. C towards n 
North Ciowtt. 

2® Sty S. F. r Hercules. 
Within a ftw nunutts 
a Perseus. 

AVidun lO'of SCossiopda. 
1° 45' S. P. 4 Castaypeia. 
1® 30' preceding 23 An- 
diomlda. 

15' north of 55 Perseus. 
Between 2 and 8 Came¬ 
lopard. 

30' N. F. 3 BnlL . 
1* 16' N. F. r BulL 
1® 8. P. 18 Wliale. 

16' N. P. 37 Whale. 

1* 15'preced. n C^heus. 
1® 45'N. of 3 Great Dog. 
45' Following 16Cep|^aa. 
1* Preceding e Orion^ 
The vertex of an isowilltjl 
tnang^ following rAries, 
Near 18.0]!eat war. 

3® Fo^wing < Lynu 
2* N. P. B Lyra. 

1® 15'N.T. ^Unicom. 


30' Preceding »,Oiion. 

45' N. P. f Auriga. 

45' Followiig 77 Dragon. 
1® N. F. 55 Andromeda. 
I® 45' N F. « Great Beat. 
46' S. P. 79 Pegasus. 

2' S. of 69 Great Bear. 

1® 46' N. F. B BuU, the 

w^nd towards 4. 

1“ N. F. y Cup. • 

1® 15' N. P. 61 Bwon. 

1" 30' 8. of t Vhgin. 

2* 30' 8. P. f Hercules. 
N« F. 83 Pegssus. 

1® 15' 8. of 42 Eridanus. 
30' F. 48 Cancer. 

I® 8. P. 68 Virgin. 

45' N. F. 88 races. 
flO or S’ 3wriMon. 

1 * N. P. 32 OphiuidiuB. 
45' & P. 13 pminchus.^ 
30 ' N. P« A f&^eus. 
N.F. A orlOEe^ 

1* 20'S. F. yAndmneda. 
1*30' N. F.«i|r99 Pisces. 
SO' N. F. 43 Ea#s. 
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Fifth Class! 


^ or ri2 Bull. 

«* or 29 Andromeda. 

*- or 2'} Aunga 
Voilowing/ ()rion. 
Bt-twccn » and t Whole 
r or 20 Onon. 

31 liibra. 

Near |S Cepheus. 

* oi 53 Serpent. 

53 Scrpentariua, between 
« and 

]N ext but one preceding 3 
L:wle. 

k or 15 llaglc. 

Near 20 l.agle. 

Near that whiih follows t 
i aqle. 

o or 2 ID the Shield in the 
Const, ll'igle. 

23 IIerci]es,l>etwcen »and 
^ oi the Crown. 

43 or \ Perseus. 

Beside n ] }ra. 

•70 Svrin 
S. l\ T Swan, 
r or i 0 Swan, next full, f * 
( oi 2G Swan. 

A little N of Pisces. 

30 ovtr the Back ot Arfes 
y nr 1*3 PJaic. 

N, I . I Arrow. 

SiLond star from »toward 
(n i reniini. 


p or G3 Cemini. 

4 at 22 Hydra. 

45' S. P. 05 or o Lion. 

81 Lion. 

57 Inoii. 

25 £ ion. 

1“ South of 43 l.ion. 

45' N P. M or 63 Gemini 
1" N. F. PoUux. 

7 Little I ion. 

3 N. P. 2 Bootes. 

3' or 4' N. V.jy Gemini. 
4^. of S* or 73 Seipenta. 

tlUb. 

1° S I', t North Crown. 
A few minutea N. 1'. d or 
43 Sagittarius 
9 Cassiopeia. 

35 Cassiopeia. * 

15' N. P. » Canuopeia. 

47 Cassiopeia. 

20' N. P. fi Andromeda. 
3' or 4' N. V. y or 15 Au¬ 
ng 1. 

9 or 37 Aunga. 

30' S. F. or 34 Aunga. 
30' S F. 3 Aries. 

1” 15' S I . 103 Hercules. 
45' N 31 Cepheus. 

51 Aquanus. 

30'S F. 1 ; or 59 Aquarius. 
.50 Onon. 

40' Preceding v Onon. 


20' S. P. < Lyra. 

30' S. P. % Ly». * 
20' 8. F. y Arrow. 

1“ 45' N. P. y Arrow. 
45' N. « Great Dog. 

1° 8. r. 42 (^reat Bear. 
Star forming isosceles tri¬ 
angle with ft ard > G«- 
niiiii I 

1* 45' N. P. : Anes. 

The most nor^em of riuw 
precedmg 1 Grion. « 
45' 8. P. I Onon. 

15 Hydra. 

40' 8. P. 44 Bootes 
1» 30' S. r g Centaur. 

2° N. F. 46 Bootes. 

30' 8. P. r Hercules. 

45° N. P. 41 Hercules. 

1* 30' foUowmg I Virgin. 
l« 30' N. Y.i Virgm 
raO'N.F. 24 Libra. 
Between 20 and 30 lubim, 
but nearest 30. 

1° b. P. 4' Ophtutdms. 
The smallest and most 
southern of two, about 
20' asunder, near 49 
Camelopard 
to north oi f Fagle 
1° 20' north of towards 
} Swan. 



o or 67 Stqientanus 
41 Anes, in the body of 
the Flj. 

( or 39 Capiioorn. 
r or 94 BulL 
X or 59 Bull. • 
o or 31 Swan. 

Near 6 Bootes. J 

t or 21 Crown. 
f*or51 Perseus. 

M or 44 Pegasu*. 

Star between |lf4)xagoii 
and the Taif^ Great 
Bear. 

In the NostrUof the Lymr. 


North. 

if f Ei^. 

wor « 

Capneern# 

dor 88 BulL i 


33 Swan. 
t or 37 Auriga. 

13 Camdopard, ova the 
Goat's Head. 

10 Camelopard, 
c or 40 Dragon, 
e G4 or 05 Dragon. 
y or 13 Hare. 

67 or 5 f Cano^. 

Mean, and towards 0 An¬ 
dromeda. 

35 Eagle. 

Near 35 Eagle. 

The foUowtng star of a* tra- 
pezium, near I Eagle. 
Star naar the middle of 
Motiiit Menalns. 
Between 1 vAf Bootes. 
Star mora S. than s Bootes. 


More S. than o Setpeatar 
3 Cansiopeia, near ew 
t Lyra. . 

79 Swan. « 

5 Aquanus. 

20 Swan, near &• 

Near 2 e Swan. 

K or 8 Pisces. 

Near star K F. 1 Arrow. 
Near » Eridanus. 

30' 8. F. n Onon* 
r or 31 Hydra. 

Near 08 Onon. 

(or 27 GeminL * 

51 GeminL 
w or 4 CancCT. 
r or 93 VugiD. I 

30^ Allowing C Canca. 

83 l.ion. « I 
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27 Virgin. f 
31 Umeom. 

A few mm. S. F. 1 Orion. 
27Hy*o. 

1 r or 51 Cancer. * 
FflUowins 6 llootes. 
y or N. of y Gemuu. 


2 ip' N. of I Capncom. 

2 r or 71 Aquarius. 

1» 80' S. F. 46 H 11. 

1® 46^ N. 1' I CepliLUs. 
{ or 30* Bootes. 

1* ly S. P. 31 T'^nicom. 
30^ N. P. ^ Hydra 


22 or 26 Cancer. 

Near o Whale. 

80' S. r. 69 Onon. 

2» 30' S. F. 21 Cup. 

1» 16' N. P. 12 Libra. 
1® 13' S. F. / Piscea. 

1° S. I\ 43 Sagittanug. 


V. ON TREBLE, OITADBUFLE, aOINTUPLE, AND MULTIPLE SYS¬ 
TEMS OF STARS. 

Dr. Hcrschel, with his usual ingenuity, has pointed out a 
yariety of combinations, in which treble, quadruple, &c. stars 
may revolve round their common centres of gravity ; but the 
limits^ as well as the popular nature of this work, will not per¬ 
mit us to lay them before our readers. Several of these com¬ 
binations are represented in Plate VI, Sup. Fig. 3,4, 5, 6, 7,8, 
9,10, where a, b, c, d, are the stars, and o their common cen¬ 
tre of gravity. One of these combinations is so \ cry singular, 
as to be peculiarly deserving of notice. Let us suppose two 
equal stars moving in a circular orbit round their common cen- 
■*'tre of gravity, which will be the centre of the circle. Front 
the centre of the circle draw a line perpendicular to the plane 
of their orbit, extending to equal distances above and below this 
centre. Let us now suppose a third star to Ml from one extre¬ 
mity of this perpendicular, from a state of rest, it will obvious¬ 
ly descend with a gradually accelerated modon, till it reaches 
the centre of gravity; and passing onwards, with a motion gra¬ 
dually retarded, it will move to the other end of the perpendi¬ 
cular, where it will amve at a state of rest, and again return, 
and continue to oscillate between these two points. The two 
stars which move m a circular orbk may describe equal el'ipses 
of any degree of eccentricity. In this case, however, the per¬ 
turbations will affect not only the planes of their orbits, but also 
their figures; and the length of the osdllations eff the third will 
be sometimes increased and diminished. See Fig. 6. 

The following catalogue of treble, quadruple, quintuple, sex¬ 
tuple, and multiple stars, is selected from the two catalcguea of 
double^tars given by Dr. Horschel. 

CATALOGUE OF TREBLE, Ac. STARS. 

• * 

r or n North Crown. * 

Thfe two* nearest of this treble star, are rather unequal in 
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magnitude, and both white. The third, with a power hdbw 
460, is very &int, and dusky in colour. The distance ohetwe^ 
the two nearest with a power of 227, is 1 i the diametih' of tlie 
larger, and with a power of 460, twice ^he diameter of the hug- > 
er. Position 77® 32' N. P. Distance of the third frd|n the 
largest, 24". Position 25® N. F. 

12 LynXy hchw the Eye. 

The two nearest of tliis curious treble star are pretty unequal. 
The larger is white, and the smaller white inclining to a rose 
colour. With a power of 227, their distance is I the diameter 
of the smaller one. Position 88“ 37' S. P. The first and third 
are considerably unequal; the second and third pretty unequal; 
the colour of the third being pale red, and its distance from the 
first 9" 23"'. Petition with regard to the first 32° 33' N. P. 

11 Unicom in the left Forefoot. 

Tins treble star may appear double at first sight; but with a 
little attention one of the stars will appear double. The first or 
’ single star is the largest. The other two are smaller, and near- 
ly equal, the preceding one being rather larger, and they are 
Iwth white. The distance between the two nearest,' with a power 
of 227, is 1 diameter of the preceding, or 1J ^he diameter of the 
following star. Position of the two nearest 11“ 32' S. F. Dr. 
llcrschel considers this star as the most beautiful sight in the 
whole heavens. 

Near 37 Ea^, the last of a Telescopic trifjUum N. F. Ic. 

The two nearest arc very unequal. The third-star isf not vi¬ 
sible witli a power of 227. With a power of 460, the distance 
between the t^o nearest is only ^ the diameter of the larger one. 
The distance of the farthest is about 7" or 8". * 

4 

A 

C or 16 Cancer, . 

* * * 

This very miwute treble star requires very favourable cimiiii> 
stances to bq4istinfetly seen. I'he fwo stars of which tl^e pre¬ 
ceding oo^ 6msists ^e considerably 'unequal. The largest of 
these is larger than tiie single star, and the least of the two is 
less than the single star. The first and second largest are pretty 
unequal, and the second and third pretty unequal. The two 
nearest are pale red: tb^ are just separated with a power of 
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^78, and with 4G0, their distance^!* J'thc diameter of the smaller 
one. Position 86“ 39' N. F. See ^ Cancer in the third class 
of doubte stars. 

* 90 .Lion. 

* 

The two nearest arc very unequal. The largest is Mhite, 
and the smallest reddish white. With 278, their distance is 1} 
the diameter of the largest. Position 61° 9' S. P. The two 
farthest are very unequal; the smaller being dusky red. Dis¬ 
tance from the largest 63" 43"'. Position 35° 12' S. P. 

I or 51 Libra. 

This star appears at first double, but the larger of the two 
will be found to Consist of two stars. They are nearly unequal, 
andTboth white. With 460, their distance is J the diameter d' 
the larger. Position 82° 2' N. F. See second class of double 
stars under | Libra. 

About 1|° iV. F. » Aquarius^ in a line parallel to $ and u Aqua- 

rias. 

The two nearest are very unequal. The largest is reddish 
white, and the smalles^pale red. With 460, their distance is 
about 1 diameler of the largest. Position 62° 27' N. P. The 
two farthest are vary unequal. The smallest is pale red. 'Dis¬ 
tance mth 227“ V 22" 42"'. Position 85° 51' N. F. 

Preceding 70 and 67 Orion. 

In a spot which appears nebulous in Dr. Herschel’s finder, 
about SO' from the 67th, and 45' from the 70th Orion, there is 

p * 

a multiple star consisting of 12 stars, with a power of 460, and 
one of these is a double one. The two arc considerably un¬ 
equal ; their distance is 1 diameter of the largcr^ne. Position 
*19° 48' S. F. 

w or 42 ArUSy in the ham. 

'!rhe three stars which are all in alinearecxccssiiiiely unequal. 
The largest is white, and tW^ two smallest %re mere points. 
With. 460 the distance of the tivo nearest il IJ the diameter of 
the largest star. The third is about 25 or 26" frdhv Jthe largest. 
Position 19° 19' S. F. " * 

t a 

Ip JC'. F. « Swany in a line parcel to fi and a. * 

The'two nearest are considerably unequal, and both pale red 
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With 460, their distance is 1 diameter of the small stai*, br | 
that of the large one. Position 89® 18' S. F. The two farthest 
are ainsidcrably uneljual, and red. Posifion 66® 3' JN. P. 

, f, or 4 or 6 Libt a. * 

This is a remarkable double-double star, or a double star, each 
star being itself a double star. The first set consists of stars 
that are considerably unequal. The largest is very white, and 
the smallest reddish. Their distance witli*227 is 1 diameter of 
the larger one. Position 50® 0' N. V. The second set arc white 
and equal, the preceding being rather the largest. Their dia- 
tance with 227 is the diameter of either. Position 72® 57' 
S. F. 

or 13 0; /on. 

This is a doublc>treb!e star, or tw o sets of treble stars, almost 
similarly situated. The two nearest of the preceding set are 
equal; the third larger, and pretty unequal when compared 
with the latter two. With a power of 222, the distance of the 
two nearest is 2 <Jiameters,of either. Positions of the following 
%tar of the two nearest with the third 66° 35', S. P. Position 
of thg two nearest 2 or 3° N. F. or S. P. the following set The 
two nearest of the following set are very unequal. The largest 
of the two, and the farthest, arc considerably unequal, the 
largest being white, and the smallest bluish. With a power of 
222, their distance is about 2J diameters of the largest. The, 
distance of the two farthest is 43' 12 ". Position of the two near¬ 
est 5° o' N. F. Position of tlie two farthest 29° 4' N, F. 

♦ 

About 2^ * Aquarius, in a line parallel td a and «. 

The nearest are a little unequal, and both red. TJieir dis¬ 
tance with a power of 460 is 2] diameters of the largest. Po¬ 
sition 25“ 5V S. P. The two farthest are a little unequal, and 
of the 5th class. Position about 50 or 55“ S. F. 

• 

1 S. F. Orion in a line parallel to and « Orion, tlte 
smallest and most southern ofthree ^forming an arch. 

The two nearest are extremely unequal. The largest is a 
dusky white, and the smallest a mere point. Their distance 
with 227, is the diameter of the larger. Position 4“ 54' N. 
F. The two farthest are extremely unequal. The amallost is 
a mere point. Position about 50 S. ft 
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ft* Preceding Ike fid and 4fA ^the Ship; ihe imddd$ ane of three. 
This is a multiple star, oiie of them hdng double. The two 
are nearly equal, and^white or ash coloured. Their distance 
with 227, is about 2\ diameters. Position 30" 12' N. P. 
Twbnty other stars are in view. , 


2|' S. F. p Lyra. 

‘ The two nearest arc a little unequal, and both dusky red. 
Thar distance with 460' is 3 diameters. Position 8® 24' N. F. 
The farthest is as large as the largest of the two nearest, and 
its colour is dusky red. Position with the largest 25® 57 S. P. 
Distance of p Lyra from the two nearest 2' 17" 30'". Position 
65® 12', p being N. P. or the double star S. F. 

I® S. of 58 Auriga, in a line parcdlcl to and 6. 

This is a cluster of stars containing a double star of the 2d 
class, and one of the 3d. The two of the second arc very un¬ 
equal, and both red. Their distance with 460, is 3^ diameters 
of the larger. Position 44® 36' N. F^. Thos^ of the 3d clasf 
are equal, and both red. Above 20 stars are In view with 227.* 
Distance 17" 41"'. * ' 


lo N. P. Cup, »towards « Lion. 

The two nearest arc equal, and both dusky white. Their 
distance *with 227, is about 3 diameters. Position 71° 33' N. F. 
* The farthest is larger than either of the other two, and of tlie 
6th dass. Portion about 68 or 69o S. P. the double star. 

Star maJeing almost an equilateral trlem^e with the 29^A and 
2Qth Unicorn towards the south. 

Among many, the fourth from the south, and of an irregu¬ 
lar long row, is double.* The two are a little unequal, and 
both pale red. With 227, their distance is 1 diameter of the 
larger one. Positiog^ 86® 12' S. F. Sixteen other stars are in 

• w « 

view. 

Star twice as /hr south qfz Arrow, as z a/nd the*Star near it 

are from eaeh other. 

The two nearest arc very unequal, and both red. Their 
distance with 227, is about 3 diamelers of the laxger. Po¬ 
sition about 40 or 50® N! P. 
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* A large Star jpreceding toztiards 41 Swan, 


The tmt nearest are extremely unequal. The largest is* white, 
and the sfnal^t pale red. Their distance with 460, is 2^ dia> 
meters of the largest. Position 45® 15' N. P. The third and 
the largest are extremely unequal, and belong to the 5th or 6th 
class. Position*about 50" S. P. 




or 41 Orion, the small TeUsa^pic Trapezium in the Nebula. 

The stars composing this quadruple star are considerably 
unequal. The,most southern star of fhc following side of the 
trapezium is the largest; the star in the opposite comer is the 
smallest, the other two being nearly equal. The largest is pole 
red; tlie star preceding the largest inclined to garnetthe star 
following the largest inclined to garnet; and the star opposite 
to the largest dusky. Distance of the two stars in the preced¬ 
ing side 8". 78; in the southern side 12".84; in the following 
side 16".21, and in the northern side 20". 4. 

. Orion preceding the two *V. 

The preceding set of this double-treble star consists of three 
equal stars, forming a triangle, and are all dusky. The dis¬ 
tance of the two nearest with 227, is about 3 diametph^. The 
following spt con»sts of three stars of different sizes forming a 
circle. The middle star is the largest; the one to the soutli4s 
pretty large, and thq third is very small. The two largest are 
white, and the smallest pale red. Distance 36".25. * 

tf or 17 Arrow. 

The two nearest of this trebje star arc extremely unequal. 
The largest is pale red, the smallest dusky, and the third pale 
red. Distance of the two nearest 11" 8'". Distance of die two 
largest 1' 7" 49'". 

S. P. 1. o Perseus. 

The equal set of this double-double star are about 4 or 5 
diameters distant with 227; and the unequal set about 5 or 6 
diameters. 

t, or 51 Virgin. 

The two nearest are extremely unequal, the colour of the 
largest.being white, and that of the smallest dusky. Tbeir 
distance is 7" S'", and their position 69° 18' N. P. See 6th class 
of double stars. 
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preceding tJie Tiara (^Cepheus m*a lineparcdkl fo < and 
Tht two nearert are very uneqivil, the larger being white, 
and the smaller dusky blue. Their distance is *11"* 85'", and 
their position 85® 24' S. F The two farthest are considerably 
unequal, tlie smaller beng dii'Ay blue. Their distance is 18^' 

ST", and their position 78® 57 N. P. * 

'' « 

IA^. ^159 Great Bear in a hue pataHel to and /S. 

The two nearest qrc considerably unequal, and their |ight 
red. Their distance is^2" 30"', and their petition 0—0 pre¬ 
ceding. The two farth^t are very unequal, and the smallest 
jlusky red. Their distance is 82" 21'", and tlicir position 4'" 0 
N, F. 

A7. P. 17 Swan in a Ime parallel to v tmd ». 

The tmo neatest of this quadruple star are extremely un> 
equal, the largest being red, and the smallest dusky. Their 
distance witl^ 625, is 18" 54"', and their position 67° 86' S. F. 
The two largest are nearly equal,' and both red. Their dis- 
taiuie with 278, is 25" 58"', and their position 40° 83' N. F. 


S* P. 27 Swo/n, the mMdle of threef {he most southern ^ which 

is 27. 

^ * 

This s£ar is quadruple and seittuple. In the quadruple, or 
N. P. set, the two nearest are very unequal. Then distance 
with278|is 11" 16'", and their position 26* N. P. The two 
hai^gest almost equal, and both red. Distance with 278, 
29" 27'". Portion 57° 12' Jf. F. In tlie sextuple, or S. F. set, 
“tiie two laigest arc pretty uneq^d^ and both red. Their dis- 
with:^ 278, is 19" 20"', and their position 27° 36 S. F. 
tW other stars are as small as the smallest of the quadruple 


set. 


46, or 3. « Swan. 

The* stars which compose tins treble star arc Very unequal, 
ipiil^l^tr^ely unequal. The colour of the largest is fine gar. 
iBBeiCi duq of the next largest red, and that of the smallest dusky. 
Poeatioa of the two brightest 44° 19' N. P. They are all with¬ 
in 30". 

* Near 27 Cepheus, netpr >. , 

. Thedbtance of the two nearest of this trdbkai^ is about 26'. 


The q^2 Stars'plrec^^itig^^kfhe Eag^. 
4^taiiee of the two nearest is 
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f'’ iV. P. H Gemini in a line paraUel to the 65 Orion^ and ^ 

Taurus, the middle one three. 

The stars of this quintuple star are in the form of a cross. 
The two nearest, or the preceding of the five, are extremely 
unequal. Distance 20" 5T" Poation T 2T S. P. There is 
a \ ery obscure star of the third cla>ss near the last of thd^ three, 
in the obscure star of the cross. Otlier five stais are dispersed 
about tjie quintuple one. 

The last Star of the Lizard 

The two nearest are extremely unequal, tlie larger being red¬ 
dish white, and the smaller dusky. Their distance is 20" 27'% 
and their position 79® 33' N. P. The next arc very unequal, 
the smaller being rpd. Distance 64" 57"'. Position 44® 24' 
N. F. 

8 Lhard in the middle ^fie tail. 

The two largest and nearest of this quadruple star arc a 
little unequal, and Ixith reddish white. Their distance is 17" 
14"', and their j>ositionK>84° 80' S. P. The twJ next are very 
unequal, and of the fourth class; and the other two consider¬ 
ably unequal, and of the 5tli class. 

Between /S and C Dolphin^ hut nearer to 

All the three stars ore wlfitish red, and nearly pqqal. Dis- 
tnnee of the two nearest with 278, 21" 33'". Position 18® 27' * 
N P. 

About 2^ preceding 25 Unicom. 

This quadruple star consists of two large stars tJiat can al¬ 
ways be seen, and of other two that are visible only in dai*k 
nights. The nearest extremely unequal, and their distance 
20" 27'". 

Qfa Trapezium in the Arrow, cofieisting of this Treble Star, 

^ and 9, it ie the Star opposite to ^ and nearest to ^ of two. 

The two nearest are very unequal, the largest blSng pale 
red, and the smallest dusky blue. Their distance is 21" 22"' 
kiid their position 0® F. The two largest are a little unequal, 
and of the 5th class. Foution 10® 36' S. P. 

X or 18 Arrow, the largest of three. 

• The two nearest arc equal uid red. Their distance is 23" 2'", 
VOL. u. u 
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and their position is 10“ 12' S. P. The third is a large star, 
about 1 minute distant, having a position of 10° or 16° N. P. 
the other twa 

^ or 10 L^a. 

The stars of this quadruple star are all white, the 2d, 3d, 
and 4thInclining to red. The Ist and 2d are considerably 
unequal. The 1st and 3d very unequal, and Ihe 1st and 4th 
very unequal. Distance of the first and second, 43" 57"'. Po- 
wtion 60° 28' S. F. 

/K or 13 Sagittarius. 

Distance of the nearest about 30". 

A spot aoer ^ ri^tJbreJwt of the Uniwrn. 

This spot contains 4 or 5 small stars within one minute. 

A or 15 Auriga. 

Two of this multiple star are within 30". 

» or 18 Crown. » 

The stars of this treble star are very unequal. The largest 
is white, and the two smallest both red. Distance of the near¬ 
est SO". 

69 Swan. 

The stars of this treble sta^are very unequal. The largest 
is white, and the two smallest both reddish. 

A smaU Star near the place o^l2 Gemini. 

The.two^iearest are a little unequal, and distant about 1 
minute. ^ 

1° N.»F. 9 Oriemi towards 113 Taurus, the largest of two. 

The two nearesttare considerably unequal, and reddish white. 
Their distance with 278, is 36" 26"', and their posilibn 33® 36'. 
The two farthest are very unequal. The smallest being red, 
and belonging to the 9th class. 

■ 

17 6r 2 » Greai Dog* 

The three stars form a right angled triangle, the hypothe-. 
nu^ of which contains the largest and smallest. The t^o near¬ 
est are very unequal, the largest being reddish white, and the 
smallest red. Their distance is 62"', and their position 
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64° 12' S. F. The two farthest arc very unequal) the smallest 
being red, and belonging to the 5th class. Portion alxiut 85** 
S. P. 

Ojie of two Stars N. P. Htc in a line paraUel to the 84ith 
, and 5^ih Lion. 

The two nearest arc very unequal; their distance is 54" 37'". 
The two farthest are extremely unequal. 

12 Great Bear. 

The stars are extremely unequal, and dl red. The nearest 
is the smallest Position some degrees S. F. 

1° S. P. the 11 Oriony towards t Taurus. 

The two nearest arc considerably unequal, the largest being 
white, and the smallest pale red. Distance 37" 51'". Position 
33° 54' N. P. The third is farther off, smaller, red, and N. F. 

41 Aries. 

. The two nearest aic excessively unequal. The largest is 
wlutc, and the smallest is faint. Their distance with 278, is 
39" 20"', and their position 80° 48' S. P. 

r, or 8 L^ra. . 

The stars arc extremely unequal, the largest being white, and 
the other two dusky. Distance of the following star, 56" 47'". 
Poibition 28° 27' S. F. 

% Perseus. 

Dr. Hcrschcl counted no fewer than forty stars within his 
small field of view. 

d, or 4 Cassiopeia. 

The distance of the two large ones is about 2', and that of the 
3d, which is obscure, 1|'. The three form nearly a right.angled 

triangle. « 

« /8, or 78 Gemini. 

The stars of this multiple star are extremely unequal. The 
nearest distance is 1' 56-45'". Position 24° 28', N. F. The 
next distance is 3' 17" 19"', and the position 15° 56' N. F. 

Star preceding‘ b Pisces. 

The stars form a triangle, each side of which is about 1 minutp. 
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In the UniconCs Head, 

This multiple star con^sts of 1 star, with about 12 arouiul it. 
* 

0 , or 70 Gemini. 

The distance of the nearest is* a little more than 1 minute, and 
that of tlie fartliest not much more, 

• 

T4 Great Dog, 

The nearest are extremely unequal, the largest being reddish 
white, and the smallest dusky. Their distance is 1' 5" 28"', and 
their position 26® 24' N. F. « 

^ or 4i4i,Perseus. 

The nearest are extremely unequal, the laigest being vliite, 
and the smallest red. Their distance is 1' 11" 26'", and then* 
position 66° 36' S. P. The farthest arc \ery unequal, the small¬ 
est being red, and about 1 Y distant. Position 70° or 75“ S. P. 

J or 68 Taurus. 

This star has other Uvo in \iew. The nearest are eveesmvely 
unequal, the largest being white, and the smallest dusk^. Their 
distance witli 278 is 1' 18'", and tlieir position 35° 21 8. P. 

The farthest are extremely uneqiud, the smallest Iwiiigred, and 
about 1 y distant. Position 50° N. P. 

«, or 30 Hjydra. 

Tliis star has two within about 2'. The neaiest are eveev 
sively unequal, and the farthest extremely unequal. Both S. F. 

VI. ON CLUSIXlllNG STABS AND THE MILKV WAY. 

By examining the stars that are scattered over the milky wa}, 
it will appear that they are unequally dispersed, and that they 
cluster together into many separate allotments. In the space, 
/or example, between /8 and y Swan, the stars aie clustering with 
a kind of division between them, so that they may be consider¬ 
ed as clustering towards two diiferent regions. Dr. Herschei 
found from observation, that tlie space in question, taking an 
average breadtli of about 5° of it, contains more than 331,000 
stars, which gives 165,000 for ea<A clustering collation. .These 
clustering collections are brighter about the middle, and fainter 
ne^ their undefined borders. 
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The milky way is a luminous zone which makes a On the 
rompletc circle in the heavens. It traverees the con- Milkj Way. 
stellatlons Cassiopeia, Perseus, Auriga, the east arm of Aries* 
the feet of (ircmini, a part of the Great Dog, the middle of the 
.ship, where it is tnost liinunous, the Centaur, the CrobS, the 
Southern Ti ianglc,lhe Altar, the tail of Scoi*pio, the bow of Sagit¬ 
tarius, a part ot Ophiuchus, where it se])arates into two branches, 
and again unites, the shield of Sobieski, the tail of the Serpent, 
tlie Eagle, the Arrow, the FoX and Goose, the Swan, and tho 
head of Cejiheus. 

I'r. ITerbchel has found, from numerous observadons, that 
the brightness of the Milky Way is owing ^Icly to small stars; 
and that the compression of die stars iiici eases in proportion to 
the biightness'of the Milky Way. 

In Older to account for this singular zone of stars, Dr. Her* 
schcl supjioses, that the IMilky Way is a large nebula, in the 
insule of which the Sun is placed* ,but not in the centre of its 
thicknes'. Tile IMilky Way, therefore, according to thishypo- 
thesis, is the projection of the nebula upon the concave surface 
if the ‘‘ky, as seen from a point witliin it. Thus, if the piate VI. 
solar system be supposed at S, in the middle of the ^’>8* 
nebula abed with two branches o c, be, the nebula will be* 
pi oji'cted into a circle A B C D, the ar;;hcs A B C, A E C being 
tlie projection of the branches, a c, be. 

In order to ascertain the place A\hich the Sun occupies in this 
nebula, and the form of the nebula itself. Dr. Herachcl has put 
^ in practice a method which he calls guaging the heavens, and 
which consists in repeatedly counting the number of stars in fen 
fields of view very near each other. By adding the numbei s 
of 'stars in each field, and cutting off a decimal* he obtains a 
mean of the number of stars in that part of the heavens. Dr. 
Herschel then supposes, that the stars are equally scattered; 
and from the number of stars in any part of the heavens* he de¬ 
duces the length of his vktwl ray, or the distance through which 
his telc.scope has penetrated, or, what is the same thing, the dis¬ 
tance of the remotest stars in that particular portion of the hea- 
«vens. In order to understand this, let us suppose* that the 
Milky Way is a nebula, and that the solar system is not in its 
centre :• Then, upon the supposition that the stars are equally 
scattered* it is obvious, that the part of the Milky Way wheie 
the stars are most numerous must extend farthest from the solar 
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system, and vice versa. Proceeding in this way, Dr. Herschel 
has found the length of his visual ray for different parts of the 
heavens, which, in some cases, is equal to 4D7 times the dis¬ 
tance of the nearest fixed star, and he has delineated the sec¬ 
tion of the nebula forming the Milky Way, as represented in 
Fig. 7, Plate V, Sitp, This section makes an angle of 35® witli 
our equator, crossing it in 124| and 304J degrees of R. oscen- 
sion. The horizon of a celestial globe, rectified to the latitude 
of 55° N. and havihg <r Ceti on the meridian, will represent the 
plane of this section. If the solar system is at S, the bright¬ 
ness of the Milky Way will be greatest in the directions S a, 
S 5, S />, where the stars that intervene are most numerous, or 
where the visual ray is longest. In the lateral directions S m, 
S n, the nebulosity will not appear from the snftill number of 
interposing stars; and in the direction S c, on account of the 
opening between a and 5, there will be an empty space contain¬ 
ed between these two brandies, where the nebulosity is not ob¬ 
served, os is the case in the Milky Way between ft Scorpio in 
the south and y Cygni in tlic north, a length of about 102 de¬ 
grees. The circle in Fig. 7 described round S, is at 40 tirniil 
the distance of the nearest fixed stars, and probably comprehends 
all those that are visible to the naked eye. 

Dr* Herschel, therefoije, considers the Milky Way as a ver^ 
extensive b^ancMng congeries of many miUions of stars^ which 
probably owes its ori^n to several remarkably large, as well as 
pretty closely scattered small stars, that may have drawn to¬ 
gether the rest. He supposes, that there arc many parts 'he 
Milky Way where the stars are drawing towards seconaary 
centres, and may in time separate into dificrent clusters. Some 
parts of the Milky Way, ho imapnes, have suffered greater ra¬ 
vages than otliers, and particularly that part of it in the body 
of Scorpio, where there is a large opening or hole, about 4 de¬ 
grees broad, and almost destitute of stars. The stars which 
once filled this vacancy, he supjxises to have formed the 8th ne¬ 
bula in tife Comwisance des Temps, which is a rich cluster of 
jmall stars, and is just upon the western Iwrder of the opening. 

In looking out at the sides of the nebula of the Milky Way 
owaiiitb Leo, I Virgo, and Berenice's Hair, on the one side, and 
oN^ds Cetus, on the other, where the intervening stars are 
few. Dr. Herschel observed a remarkable purity or clcar- 
ier>s in the heavens; whereas the ground of the heavens became 
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troubled towards the length or height of the nebula. The 
troubled parts arise from some Idistant straggling stars, which 
can'scarcely be distinguished, but which Dr, Herschel has dis¬ 
covered after long examination. 

There arc several other nebula; in the heavens as large as 
•that of the Milky Way, and which Mrill, tliercforc, exhibit the 
phenomenon of a lucid zone to the planetary worlds that may 
be placed within them. 

yil. ON GEOUPS OF STAES. 

Groups of stars succeed to clustering stars in Dr. Iterschcrs 
arrangement A group is a collection of stars closely, and al¬ 
most equally, compress^, and of any figure or outline. There 
is no particular condensation of the stars to indicate the exist¬ 
ence of a central force, and the groups arc sufficiently separated 
from neighbouring stars to shew that they form pecuhar ^s- 
terns of dieir own. 

vni. ON CtUSTEES OF STAES. 

. Dr. Herschel regards clusters of stars as the most magnifi. 
cent object** in the heavens. They diflPer from groups in their 
beautiful and artificial arrangement. Their fewm is generally 
round, and their condensation is such as to produce a mottled 
lustre, somdwhat resembling a nucleus. The whole appearance 
of a cluster indicates the existence of a ^ntral force residing 
cither in a central body, or in tlie centre of gravity of the whole 
system. 

The following Catalogue, collected from Dr. Hcrschcrs pa¬ 
pers, contains the portion of 109 clusters of stars, divided into 
two classes. The Jirst column contains the number of the clus' 
ter; the second, the star near which it is placed; the third, its 
distance preceding or following tliat star; and ihejini/irih, its 
distance north or south of the star; and tlie^/f/^A, its magnitude 
in minutes. Thus, the 1st cluster in the catalogue is near p 
Gemini. Its right ascension is 10 greater, or it follows the star 
at the distance of 10 minutes in time; and its declination is IST 
north of the star. 
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Cjtaloqvs of Clusters Stars^ ftom ^le Ohscrvaiions of Dr. 

Hersthel 

ft 


I. Compressed and Rich dusters- (^' Stars. 


NumUurjft. 

stais by Whiuli tlu>(.lu«- 
U Is may btlouiul. 

l>in. ui U. 111 

nini. bftwini tht. tluv 
tci 4iiil thi. ktar. 

UiHeimi.' n lie 
lllllcltlUl , 

niaiiutpr lit 
llllllUlt 

1 

p Gem in. 

10 0 

F. 

0 

12 

N. 

12 

2 

» Gemiii. 

27 10 

F. 

<> 

9 

S. 

5 

S 

12 Monocer. 

11 30 

F. 

0 

18 

s. 


4 

4 Sextant. 

5 30 

F. 

0 

5 

s. 



2 1 Geni. 

31 0 

P. 

0 

15 

s. 

7 

6 

67 Geinin. 

18 0 

P. 

1 

57 

s. 


7 

42 Com. JJcr. 

8 SO 

F. 

0 

8 

N. 

10 

8 

AsVirg. * 

23 4i 

F. 

0 

(> 

s. 

8r 

9 

11 Bootes 

4 IS 

F. 

1 

7 

N. 

6 

10' 

Antares 

1 48 

P. 

0 

24 

N. 


11 

39 Opliiuchi 

13 24 

P. 

0 

26 

S. 


12 

43 Opliiuclii 

12 42 

P. 

1 

36 

N. 


13 

y Sagittae 

14 48 

P. 

0 

18 

N. 

5 

14 

9 Vulpec. 

4 0 

P. 

0 

S3 

N. 

.4 by 2 

15 

3 i 9- Sagittse 

6 54 

P. 

0 

27 

N. 

• 

16 

12 y Sagitta? 

4 18 

P. 

1 

32 

S. 


17 

42 1 a Gem. 

54 53 

P. 

0 29 

S. 

4 

18 

11 Monocer. 

27 15 

F. 

0 

2 

s. 

8 

19 

24 1 t Librm 

5 0 

F. 

1 

16 

s. 

6 

20 

18 1 Pise. Aust. 

133 24 

F. 

0 

23 

N. 

8 

21 

25 Gemin. 

2 15 

F. 

1 

15 

s. 

5 

22 

31 Monocer. 

SO 4 

P. 

1 

20 

N. 

11 

23 

46 V Sagitt. 

49 15 

P. 

0 

42 

S. 

15 

Qi 

58 f Cygni 

15 56 

F. 

1 

18 

N. 

6 by 4' 

25 

27 « Persei 

5 55 

F. 

2 

25 

N. 

7 

26 

53 d Persei 

13 34 

F. 

1 

13 

S. 

4 

27 

22 Monocer. 

20 9 

P. 

0 

51 

N. 

20 

28 

75 / Leoiiis 

21 25 

F. 

1 

2 

N. 


29 

3 Lacertae 

7 52 

P. . 

2 

7 

N. 


SO 

7 { Cassiop. 

3 10 

F. 

0 

46 

S. 


.31 

37 ^ Cassiop. 

19 48 

F. 

1 

2 

N. 

15 

82 

80 I ar Cygni 

11 26 

P. ■ 

0 

28 

N. 

8 

SS 

7 X Persei 

. 1 7 

F. 

0 

22 

S. 


3^ 

7 X Persei 

4 0 

F. 

0 

23 

.S. 

30 

‘ 35 

15 K Cassiop. 

1 22 

P. 

* 1 

26 

s. 

1 

36 

6 Navia 

8 45 

P. 

1 

55 

s. 

8 by 2 

37 

26 Hydrec 

79 30 

P. 

1 

0 

N. 

8 

38 

50 y ^quilse 

14 50 

P. 

1 

18 



S9 

^ Pixidis Naut. 

20 39 

P. 

0 

19 

'S. 

ft 

* 

40 

53 > Serpent. 

48 it 

P. 

0 

2 

N. 

5 

41 

35 Uracoois 

22 6 

P. 


7 

s« 

3 

49 

3 n Cc^heus ' 

13 26 

P. 

1 

6 

S. 

8 • 
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II. Pretty much compressed Clusters large or Small Stars. 


1 

90 1 c Tauri 

11 0 

F. 

1 

so 

S. 

11 

2 • 

8 Monocer. 

8 17 

F. 

0 

23 

N. 


S 

3 Leporls 

72 30 

1\ 

0 

SO 

8. 


4 

15 2 y Orion 

3 6 

F. 

1 

10 

N. 

22 

5 

13 Monocer. 

3 15 

P. 

0 28 

s. 


6 

50 Gemin. 

3 55 

F. 

2 

9 

s. * 



3 p Sagitt. 

15 54 

F. 

0 

8 

8. 



41 / Cygni 

5 42 

r. 

2 

1 

S. 

20 


12 Vulpec. 

0 5 

p. 

0 

30 

N. 


10 

7 1 Navis 

5 56 

F. 

0 

40’ 

N. 

15 

11 

19 Navis 

0 40 

P. 

*0 

5 

N. 

20 

12 

() Navis» 

31 59 

P. 

1 

25 

N. 

SO < 

13 

2 /S Canis 

7 10 

P. 

0 

44 

S. 

15 

U 

18 ^ Canis 

3 17 

F. 

* 0 

20 

N- 

20 

15 

26* Canis 

1 22 


1 

62 

N- 


16 

a 

1 56 

F. 

0 

16 

N. 

20 

17 


6 26' 

r. 

1 

1 

N. 


18 

12 Vulpec. 

7 56 

p. 

0 

44 

N. 


1.9 

21 Aquilae 

5 49 

p. 

1 

55 

N. 

13 

20 

7 Monocer. 

1 3 

F. 

0 

35 

N. 

11 

21 

lOf) u Tauri. 

14 59 

p. 

1 

37 

N. 


22 

13 Monocer. 

2 48 

r. 

0 

21 

N. 


23 

31 « Cams 

32 6 

r. 

0 39 

S. 

* 

21. 

6*0 Orion 

5 9 

p. 

0 

9 

s. 

7 


8 Monocer. 

11 46 

p. 

0 49 

N. 

4 


6 Monocer. 

8 59 

F. 

1 

7 

N. 



11 -- 

42 13 

F. 

1 

21 

S. 

9 by 5 

28 

2 Navis 

8 23 

P. 

0 47 

N. 

15. 

29 

5 p Scorp. 

7 U 

P. 

0 

38 

N. 

6 by 4 

30 

14 Sagittar. 

1 35 

P. 

0 

9 

N. 

15 

3l 


1 29 

F. 

0 

25 

8. 

2 

32 

58 Androm. 

10 49 

P. 

0 

8 

8 . 

SO 

33 

11 «i Aurig. 

6 32 

F. 

0 

54 

N. 


31 

13 --— 

9 7 

F. 

0 

32 

N. 

3 

35 

70 S Orion 

15 53 

F. 

1 

29 

S. 

• 

36 

18 Monocer. 

3 48 

P. 

1 

0 

N. 


37 

77 Orion 

12 24 

r. 

0 

55 

N. 

8 

38 

22 Monocer. 

7 39 

P. 

1 

31 

N. 

11 

39 

21 9-Aurig. 

3 25 

F. 

2 

6 

8 . 

4 

40 

3 Lacertae 

38 31 

P. 

1 

35 

N. 

4 

41 


5 8 

F. 

0 

2 

N. 

4 

42 

24 a Cassiop. 

29 41 

F. 

0 26 

N. 


43 

1 e - 

11 41 

P. 

1 

25 

N. 


44 


4 34 

F. 

1 

8 

N. 


45 

37 J- 

9 29 

P.. 

1 

28 

S. 


46 


17 23 

F. 

1 

44 

N. 


47. 

10 Camelop. 

55 40 

P. 

1 

37 

N. 

3 

48 

32 Cassiop. « 

17 1 

F.* 

1 

40 

S. 

6 

4,9 

45 1- 

11 8 

P. 

0 

20 

N. 

3 

50 

81 2 sr Cygni 

22 13 

P. 

1 

14 

S. 


51 

71^- 

5 49 

P. 


9 

s. 

S 
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. 52 


0 42 

P. 

0 34 

N. 

20 

53 

73 f - 

30 41 

F. 

0 48 

N. 


54 

36 Camelop. 

29 1 

F. 

0 16 

N. 

A 

55 

32 t Cephei 

57 35 

F. 

1 47 

N. 


56 

11/3 Cassiop. 

9 57 

P. 

2 6 

N. 

5 

57 

40 Aurigae 

8 28 

l-\ 

1 25 

N. 

6 

58 

6 'Navis 

5 18 

F. 

0 29 

8 . 

7 

59 

18 jCygni 

18 38 

F. 

1 4 

8 . 

15 

60 

47 X Persei 

3 SO 

F. 

0 50 

8 . 

7 

61 

41 Persei Hev. 

3 8 

P. 

0 56 

N. 

15 

62 

19 Aquilae 

0 26 

P. 

1 24 

8. 


63 

C Pixid Nauti 

2 25 

P. 

0 24 

8. 


64 


20 55 

P. 

1 9 

8. 


65 

2 Navis 

16 10 

P. 

0 38 

N. 


66 

7 Cephei 

16 45 

F. 

1 7 

S 

12 1 

67 

15 tr CaiiiS 

42 33 

F. 

0 14 

8 . 



IX. OP NEBUL®. 

According to Dr. llersclicl, ncbulsc may, pcrliaps, be re¬ 
solved into the three lobt-mehtioned classc‘s. Collections of clus¬ 
tering starh, when removed to a sufficient distance, may have the 
appearance of a nebula of any shape, and will Acem to be gra¬ 
dually brighter in the middle. Groups of stars may also, at a 
^eat distance, resemble nebulae; and <'lusters of stars that can¬ 
not l)c resolved by the most powerful telescopes* will appear like 
round nebulae, increasing in brightness towards the centre. 

Mr. Michell has shown, from the computation of probabili¬ 
ties, that it is many million million chances to one, that the stars 
which appear to form double stars, &c. clusters and ncbulee in 
the heavens, are really collected together into separate systems. 
In the case of the Pleiades, for example, he computes that it is 
6O0,OOO to 1, that no six stars out of the number of those that 
are equal to the faintest of them in s])lendour, scattered at ran¬ 
dom in the whole heavens, should be within so small a distance 
from each other as the Pleiades arc. 

A similar opinion was maintained by Professor Kant and M. 
!^ambert, who supposed, that all the stars in the universe arc 
collected into nebulae; and Uiat all the insulated or scattered 
stars which appear in the heavens, belong to the particular ne¬ 
bula in which our system is placed. We ore indebted, however, 
solely to the genius and industry of Dr. Herschel, for perfect¬ 
ing these sagadious views, alid supportihg them by a body of 
evidence amounting nearly to demonstration. He has observed 
the position, magnitude, and structure of no fewer than 2,500 
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ncbulsD. He generally detected them in certmn directions,* ra¬ 
ther tlian in others; and in many parts of the heavens there 
were vacant spaces, botli preceding and following’ the nbbulous 
strata. Dr. Herschol supjx>&cs tlic nebula in Cancer, and that 
of Coma Bercnicis, to l>clong to two strata whjoh are nearest 
’ the nebula of the Milky Way 

The following Catalf)guc of Nebulae is founded chiefly on the 
observations of Messier, as given in the ComioUance des Temp9 
in 1784, the more recent observations of Dr. Herschol being 
always added. The Jirst column contains the numb'*- of the 
nebvda, and the time when the observation was made; the second 
and thinly its right ascension and declination for that time, 
winch are moic <*onvchient than Uieir lon^tudc and latitude for 
Ihntjug thorn on a celestial globe. The fourth^ its diameter in 
degrees and minutos; and the lady some general remarks on its 
apjH’aronte. A1 the nebulsp in this class may be seen with 
gofid ti*ie>topes of 1 moderate rate. 


CATihOy. vu o/ I'f ? Nchuhcy the PosHions q^toJmh h(we t*Am ^ 

Urmlncd hy Mcss'cr. 


Naand 

yCTT 

when 

observed. 

PobiUon of the Ncbuls. 

night Asccn. 
in degrees. 

* 

Declination. 

Diame¬ 

ter. 

1758 

1 

• 

Above the Bull's south¬ 
ern lioni, west of 

80 0 33 

21 io 27 N. 


ITflO 

2 

In head of Aquarius 
near the 24th star,** 

320 17 0 

1 47 Os. 

a 

4' 

176'4 

3 

Between Arrturus and 
Cor Caroli/ 

202 51 19 

29 32 57 N.' 

' 3 

4 

Npar Antares/ 

242 16 56 

25 55 40 s. 

2| 

5 

Nbar 6 Serpent,® 

226 39 4 

2 57 16 N. 

3 

6 

Between bow of Sagit. 
and tail of Scorpio/ 

261 10 39 

32 10 34 6. 

1 

15 

1 

7 

Near the preceding/ 

26’4 30 24 

34 40 34 s. 

30 { 


• A wMddi light dongated li|^ the flame of. a taper. It ezhiinted a motded 
ndiulosity to Dr. Herschel. 

is like die nudsas of a comet, surrounded mth a laige'raiknd nebuuu 
Dr. H. resolved it into stars. ,, 

e It is round, bright in the centre, and fades away gradoaDy. It exhibitod a 
mottled oebttlosity to Dr. H. ^ A mass of small 

• A round nebula. Jlesolvcd into stars by Dr. II. ^ A maas at snuulstais. 
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6 

Between bow of Sa^it- 









tarius, and rig^ht foot 








M 

of Ophiuchus/ 

267 

29 

30 

24 

21 

10 s. 

30' 

9 

iln tlie right leg of O- 









phiuchus,*' 

256 

20 

36 

18 

13 

26 s 

• 3 

10 

In the girdle near 30 









Opliiuchus/ 

251 

12 

6 

3 

42 

18 s. 

. 4 

11 

Near K. Antinous,* 

279 

35 

43 

6 

31 

1 s. 

4 

1^ 

Between arm anrl left 









side of Ophiuchus,* 

248 

43 

10 

2 

30 

28 s. 


IS 

In the girdle of Hercu¬ 
les, between 2 stars of 
• the 8th mag.“ 

248 

18 

48 

36 

54 

41- N. 

6 

14 

In the dnapery over die 









R. arm of Ophiuchus," 

261 

18 


3 

5 

45 s. 

7 

15 

Between the head of 








Pegasus and that of 
the Little Hor.se," 

319 

40 

19 

10 

40 

3 N. 

n 

16 

Near the Serpent's tail,** 

271 

15 

3 

13 

51 

44 N. 

8 

17 

North of bow of Sagit.’ 

271 

45 

48 

16 

14 

44 s. 

5 

‘ 18 

Abo\ e the preceding,"^ 

271 

34 

3 

17 

13 

14 s. 

5 

1.9 

Between Scorpio and 









R. foot of Ophiuehns,‘ 

252 

1 

45 

25 

54 

46 s. 

3 

20 

Betw^eein b<tw of Sagit. 









and R. foot of Ophiu- 
chus,* 

267 

4 

5 

22 

59 

10 s. 


21 

Near 11 Sagittarius,* 

267 

31 

35 

22 

31 

25 s. 

6 

22 

Near 25 Sagittarius>j“ 

275 

28 

39 

24 

6 

11 s. 

• 15 

23 

Near 65 Ophiuchus,* 

265 

42 

50 

18 

45 

55 s. 

1»S0 

24 

Near end of bow\)f Sa- 









git. in Milky Way,r 

270 

26 

0 

18 

26 

0 s. 


25 

Near preceding ; near 




■ 





21 Sagittarius,' 

274 

25 

0 

19 

5 

0 6. 

10 

26 

* 

Near n and o Antinous,* 

278 

5 

25 

9 

38 

14 s. 

0 


K An dmgated mass of stars. Near this mass is the 9 of Sagittarius, which, 
is encirclc;d with a faint light 

, •» Hound and faint; but resohed by Dr. II. into stars. 

* A fine and round nebula. Itesolved into stars by 13r* H- 

* A mass of many snidl stars mixed witli a faint light. 

‘ Round and faint Near it is a star of tlie 9tli mag. Hesolved by Dr. H. 
into stars. ^ 

>» Hound and bright in the middle. Hesolved by Dr. H. into stars. 

* Hound and faint. Near a star of the 0th mag. Hesolved into stars by Df. H. 

* Round and bright in the centre. Resolved into stars by Dr. II. 

p A mass of small stars, mixed with a faint light Resolved by Dr. H. 

4 A train of faipt light with stars. 

* A mi;ss of small stars surrounded with nelndosity. • 

■ Hou^, and resolved into stars by Dr. H. 

* A maw of stars of the 8th and 9th mag. surrounded by nebuloaty. 

■ Hound, and resolved into stars by Dr. H, * 

■ A mass of stimvery near each other. 

p Oteat nebulosity’ll containing several stars. The light is ^vided into aeve< 
nl part#. Resolved into stars by Dr. H. * A maip of small stars.' 

a _ 
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901 

4 


ii7 

Near 14 of the Fox," 

297 21 41 

22 4 On. 

4 

28 

A degred from x Sagit- 
tanus,>> 

272 20 .30 

24 57 n s. 

2 

2.0 

Belowf y Cygni,® 

303 54 SO 

37 11 57'N. 


.80 

Near 41 Capficorn,** 

321 46 18 

24 10 4 s. 

2 


In AndrometlaS girdle,' 

7 26 32 

39 9 32 N. 

40 

•32 

Helow the preceding,* 

7 27 32 

38 45 34 M. 

2 

JJ 

Below the liead of the 
N. Fish and the Great 
Triangle,® 

20 0 17 

29 32 23 N. 

15 

3i 

Betw een Medus.i's head 
and the left foot of 
Andromeda,** 

36 .51 37 

41 39 32 N. 

15. 

S'i 

Near ft and n Castor,* 

88 40 0 

24 S3 30 N. 

20 

If) 

Near ip Bootes,^ 

80 11 42 

34 8 6 N. 

0* 

37 

Near the preceding,* 

84 15 12 

32 11 51 N. 

9 

'ib 

Near c- Auriga,™ 

78 10 12 

36 11 51 


30 

Near the Swan's tail,® 

320 57 10 

47 25 0 N. 

15 

10 

At the root of the Great 
Bear’s tail,® 

182 45 30 

» 

.50 23 50 N. 

1" 0 

41 

Below Sirius,** 

03 58 12 

20 3J 0 h. 


1705 

42 

Between 6 and c in O- 
rion's sword,® 

80 50 40 

.5 34 6 s 

6 

1760 

1 i 

Above the preceding,' 

81 3 0 

5 26 37 s. 


11 

Between y and 3 Cancer,* 

126 50 30 

20 31 38 N. 


4.> 

The Plei«ides,* 

53 27 4 

23 22 41 N. 


46 

1771 

Between the G. Dog’s 
head and the hind feet 
of the Unicorn,® 

112 47 43 

14 10 7 & 


47 

Near the preceding,* 

116 3 58 

14 50 8 6. 


48 

• 

Near the diree stais at 
root of Unicorn’s tail," 

120 36 0 

• 1 16 42 s. 


40 

Near p Virgo,® 

184 26 58 

9 l6 9 N. 



■ Ovid. It exhibited a mottled nebulosity to Ur. H. 

'>*Kound, and resolved into btars by Dr. Hk <= A mass of 7 or 8 small stars. 
^ Round, and resolved into stats by Dr. H. 

' It resembles two cones of light joined at their base, which is 15' broad Re¬ 
solved mto btais by Dr. II. 
t Round, V thout stars, and with a faint UghL 

a Its light IS uniform and whitish. It exhibited a mottled nebulosity to Dr.H, 
A mass of small stars. ' A mass of small stars near Castoi’b left foot. 

^ A mass ol small stars. 

t A mass of small stars, with a n^ulosity. Resolved into stars by Dr. H.' 

, ” A square mass of smal^ Stars. " A mass of small stars. 

® Two stars very near one anodier* *’*A mass of small stars. 

^ A beautiful nebula, containing T’BtoeU stars. See Piatc VI^ Sujf» 12, 
, ' A star surrounded with nebulosity. ‘ A mass of small star*. 

* Cluster of stars. ” A mass of stars, with a little nebujastfy. 

* A mass of small stars. ’ See Mem. Acad. 1779* 
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50 

Above d Great Dog/ 

102 57 28 

7 57 42 8. 


1772 





J 

Relow s Great Bear, 
Nete the ear of the V 

200 5 48 

48 24 24 N. 


1774 t 
52 

Northern Greyh.® J 
Below d Cassiopeia,‘ 

348 39 27 

60 22 12 N. 

1 

* 1 

1 

53 

Near 42 Berenice's hair,® 

195 30 26 

19 22 44 N. 

‘ 

1777 




i 

54 

In Sagittarius,^ 

280 12 55 

so 44 Is. 

& ' 

1778 



31 26 27 B. 


55 

In Sagittarius,” 

291 30 25 


56 

Near the Milky Way,* 

287 0 1 

29 48 14 N. 

' 

1779 

57 

Between y and A Lyra,* 

281 20 8 

32 46 3 N. 


S 8 

In Virgo,** 

186 37 23 

13 2 42 N. 


59 

Near the preceding,** 

187 41 38 

12 52 36 N. 


60 

In Virgo,* 

188 6 53 

12 46 2 N. 


6 l 

In Virgo,‘ 

182 41 5 

5 42 5 N. 


62 

In Scorpio,' 

251 48 24 

29 45 30 s. 


63 

In the Canes Venatici,"* 

196 5 30 

43 12 37 N. 


1780 





64 

In Berenice's hair,>> 

191 27 38 

22 52 31 K. 


65 

In the Lion,” 

166 50 54 

14 16 8 N. 


66 

Very near preceding,p 

167 11 39 

14 12 21 K. 


67 

68 

Below the soutliem claw 
of the Crab,*! 
Below^he Crow,' 

129 6 57 

186 54 33 

12 36 38 N. 
25 SO 20 s. 

2 

69 

Below the left arm of 
Sagittarius,* 

274 11 46 

32 31 45 s. 

2 

70 

Near the preceding,* 

277 13 J6 

32 31 7 8. 

2 

Uli- 

Between y and 3 Arrow," 

295 59 9 

18 13 On. 

3' 30" 1 


* Maas of small stars bdov Unicorn’s right thigh. 

* Double. The tvo atmospheres, whose centres are 4' 35'' distant, touch one 

another, and are bright in the middle. The one is fainter than the other. 
solTed iuto stars by Dr. H. • 

^ Mass c£ stars, mixed with a nebulosity, according to Dr. H. This cluster 
appears like a solid ball, consisting of small stars, quite compressed into one 
blizc of light, with a great number of loose ones surrounding it. See Plate Y, 
Sup. Fig. 10. Hound, and rebolvcd into stars by Dr. H. 

" Famt, and br^bt in the centre. 

‘ A white spot Resolved into stars by Dr. H. 

,f Fsint, and resolved into stars by Dr. H. 

. a j^und, and consisting of a mottled nebulosity. 

^ Yery faint, without any star. * Brighter than the two preceding. 

‘Very feint 

^ I like a eomet, with a brilliant centre, sunounded with a feint light Re- 
•dhred into stars 1^ Dr. H. Very feuit ' “ Fiunt 

I • Faint, but resolVed into stars by Dr. H. 

9 Veiy feint, but resdlved into stars by Ibv H. ^ 

^ a A mass of stats, with nebulosity. It is a clu8%, piett^mn^ compressed, 
in which Dt. H. has observed 200 stars at once, with apowa oi 157* 

' Very fe i nt * Faint, like tbemideus of a small comdt 

t Near four taleseojnc stars. ** Very feint, antf resolved into stars by Dr. H. 

. . ' . .. • J .. .. - 
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72 

Above tail of Capricorn,* 

310 20 49 

13 20 51 s. 

2 ' 

73 

Near the preceding,^ 

311 43 4 

13 28 40 s. 


74 

75 

Near e ini^e string that 
connects the' Fishes,*, 
Between Sagittarius and 
head of Capricorn,® 

21 1*4 9 

298 17 24 

14 39 35 N. 

22 32 23 s. 


'76 

In Andromeda’s right 
foot,!* 

22 10 47 

50 28 48 N. 

2 

77 

In t!te Whale,® 

37 52 33 

0 57 43 s. 


78 

In Orion,^ 

83 53 35 

0 1 23 s. 

3' 

7.0 

Below tlie hare,** 

78 49 2 

24 42 57 s. 


80 

Between gSci Scorpio,* 

210 59 48 

22*25 13 8, 

2 

1781 

81 

Near the ear of G. Bear,* 

144 27 44 

70 7 24 N.j 


82 

Near the preceding,** 

144 29 22 

70 44 27 N. 


83 

Near Centaur's hcad,‘ 

201 8 13 

28 42 27 8. 


8i 

In Virgo,^ 

183 SO 21 

14 7 1 K. 


85 

Above and near Spica,‘ 

183*35 21 

19 24 26 N. 


86 

In Virgo,® 

183 46 21 

14 9 52 N. 


87 

In Virgo," 

184 57 6 

13 38 1 N. 


88 

In Virgo,® 

185 15 49 

15 37 51 N. 


89 

Near No. 87,*’ 

186 9 36 

13 46 49 N. 


.90 

In Virgo,p 

186 27 0 

14 22 50 N. 


■^1 

Above the preceding,s 

186 37 0 

14 57 6 N. 


92 

Between the knee and 
left leg of Hercules,* 

257 38 3 

43 *21 59 N. 

5 

'93 

Between the Great Dog 
and the Ship,* 

113 48 35 

23 19 45 s. 

8 

94 

Above Cor Caroli,* 

190 10 46 

42 Iff 43 N. 

2'SO" 

95 

In the Lion, above /,* 

158 3 5 

12 50 21 N. 


96 

Near the preceding,* 
Near ^ Great Bear,» 

158 46 20 

12 58 9 N. 


97 

165 IS 40 

56 IS 30 s. 

2 


> 


* Funty but resolved into stars by Dr* H. 

r Three oiTour small stars, containing a little sibbuloaty. 

■ Very faint, but resdved into stars by^Dr. H. 

* Composed of small stars, with nebulosity. Mechain makes it only nebulous. 
<> Composed of small stars, with nebulosity. Small and fiunt 

A mass of small stars, containing nebulmity. * 
d A mass Of stars, with two bright nudd, surrounded with a nebulosity. 

* A fine nebula, bright in thS centre, and a httle difiused. Resolved into a 
mottled nebulosity by Dr. H. ^ Round and bright in the centre, like a comet. 

s A litdeoval, bri^t in the ocntrc, andcxliibifing a mottled nebulosity to Dr. H. 
>> Faint and elongated, with a telescopic star at its estremity. It shews a 
motded nebulosity to Dr. H. ‘ Very fiunt 

^ Bri^t in the centre, and surrounded with nebulosity. * Very ftint. 

n The same as No. 84, and near it. ■ As luminous as the preceding* 

0 Very faint, and like No. 68. f Very fisint. 

1 Fainter than the preceding. 

* A beantifiil nebula, brij^t in the centre, and surrounded vBth g|M nebu¬ 
losity. ,R^vod into stars by Dr. H. « * A mass of smiu stars. 

* Bri^t in the centre, wirii a difilued nebulosity. ■ Very fisint 

s Fainter than the preceding. 

’ Very Stint. Another near it, and another near y. 
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9B 

Above N.wing of Virgo,* 

180 50 49 

16 8 15 N. 

Ea 

On N. wing of Virgo/ 

181 55 19 

15 37 12 N. 

100 

In ear of corn Jh Virgo/ 

182 59 19 

16 ^9 21 N. 

101 

Between left hand of 




Bootes and the tail of 




the Great Bear/ 

206 52 4 

55 24 25 N. 

102 

Between«Bootes and < 




Dragon/ 



103 

Between s and ) Cas¬ 




siopeia/ 




« Very faint. • 

• Brighter than the preceding. Between two stars of the 7th and 8th mag. 

^ funb Discovered by Mechain. Mottled nebulosity, according to 
Dr. He^el. *- Very fiunt, Covered by Mechaiq. ^ A mass of stars. 


Dr. Herschel Ijas divided the nebulae which he has observed 
into eight classes, viz. 1. Bright nebulae. 2, Faint nebula'. 
8. Very faint nebulae. 4. Planetary nebulae. 5. Very large 
neb^ee. 6. Compressed clusters of stars. 7. Pretty much 
compressed clusters of large pr small stars. And, 8. Coarsely 
scattered clusters of stars. 

In the following Catalogue we have given th^ whole of Dr. 
Herschel's first class, amounting to ^88, being those which 
may be most readily seen by ordinary telescopes. It does not 
include any that are ^ven in the preceding catalogue. Our 
limits will not permit us to give Dr. HerschePs reiAarks upon 
the nature of each nebula. We have therefore confined the 
catalogue solely to their position in the heavens. The letter 
F^. following, and P. preceding, S. south, and N^north. 
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80 

81 

Si 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 
&3 

94 I 

95 

96 

97 

98 

99 
100 
101 
lOi 
103 
404 

105 

106 

107 

108 

109 

110 
111 
.112 

113 

114 

115 

116 

117 

118 

119 

120 
121 
122 

123 

124 

125 


41 Leonismin. 
14 b Comae, 

21 g Comae, 

40 Corns, 

39 Leoius min. 
44 Leoms min. 

14 5 Corns, 

15 c Corns, 

31 Corns, 

61 Urss, * 

14 Canum, 


27 y Bootes, 

41 Cell, 

67, 

14 Delpliini, 

93 4' Aqua, 

47 Ceti, 

89 «■, 

20 Eridani, 
1111 Piscium, 

12 Eridani, 

9 Ceti, 

5 y Arietis, 

66 4th r Can. 
18 Lconis min. 

137 

46 Urss, 

31 Ist d Vir^i 
30 n Cixteri, 

13 n Vi^n, 
57 ft Eridani, 
60 r Virg. 


Vi» fl. 

». M. 

67 lOR 

0 46N. 

0 16 P. 

“1 40 N. 

37* 40 P. 

0. 14 S. 

0 10 F. 

1 12 N. 

19 34 F. 

0 SSN. 

5 9F. 

0 18 N. 

13 14 P. 

0 59 N. 

9 30 F. 

1 1 N. 

13 30 F. 

0 IN. 

8 18P. 

0 65 N. 

6 SOP. 

1 67 N. 

1 10 F. 

0 19 N. 

9 8F. 

0 19 S. 

2 56 F. 

1 24 N. 

0 6F. 

2 HN. 

35 0 F. 

2 7N. 

5 80 F. 

1 12 N. 

7 58 F. 

0 47 N. 

36 60 F. 

0 12 S« 

13 46 P. 

1 46 S. 

1 13 43 F. 

0 48 N. 

17 19 P. 

0 26N. 

21 37 F. 

0 13 S. 

16 10 P. 

0 3 S. 

1 8F. 

0 42 N. 

26 24 F. 

0 87 S. 

38 10 F, • 

1 24 S. 

4 3 F. 

1 4S. 

34 22 P. 

0 1 s. 

r 17 P. 

2 54 N. 

44 OP. 

0 47 S. 

1 43 3 P. 

0 6 S. 

1 5 48 F. 

0 17 S. 

18 22 F. 

1 34 N. 

13 89 P. 

0 35 S. 

6 47 P. 

1 ION. 

11 5 F, 

1 IN. 

3 41 P. 

1 82 S, 

», 6 OP. 

0 65 N. 

9 OP. 

0 17 N. ' 

18.15P.. 

0 19 s. 

4 OP. 

0 2»N. 

52 27 P. 

0 i S0& 

39 67 P. 

0 ss. 

1 39 12 P- 

1 1 ^, 68. 
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a. 

n. 

M. 

126 

108, . 

0 

35 F. 

1 

16 N. 

127 

no. 

1 

47 P 

0 

23 S. 

1^8 


3 

37 F. 

0 

30 S. 

1.9 

26 x$ * 

9 

46 F. 

0 

41 S. 

isa 


26 

35 F. 

0 

3 8. 

131 

14 i Crateri, 

0 

29 F. . 

V 1 

3N. 

13i 

26 Hydrae, 

1 

44 F. 

0 

4N. . 

133 

49 g‘ Virgin, 

16 

4F. 

0 

18 N. 

134 


13 

27 F. 

0 

13 N. 

135 

136 

168<, 

32 

2F. 

0 

11 N. 

137 

J 

41 Lynda, 

3 

13 F. 

0 

8N. 

136 

102 e Hydrce, 

83 

45 P. 

1 

27 N. 

139 

11 6 Virgin, 

12 

1 F. 

1 

21 S 

140 


39* 

55 F. 

0 

31 S. 

141 


45 

60 F. 

1 

32 S. 

149 

S7, 

6 

35 P. 

0 

ON. 

143 

43 2 Virgin, 

4 

55 F. 

2 

7 S. 

ULL 

109, 

25 

58 P. 

0 

54 N. 

145 

146 

} 

25 

14 P. 

1 

27 N. 

147 

43 Ophiuclji, 

8 

54 P. 

1 

17 S. 

148 

24 « Serpent, 

22 

26 P. 

1 

16 S. 

149 

40 g Ophiuchi, 

0 

14 F. 

1 

32 N. 

150 


27 

53 F. 

0 

36 N.* 

151 

71 1 Fisdum, 

21 

41 F. 

1 

41 N 

152 

24 g Arietis, 

16 

23 F. 

0 

20 N. 

153 

59 2d » Ceti, 

23 

16 P. 

0 

6 S. 

154 

14 Tiiang. 

1 

23 F. 

0 

59 N. 

155 

32 jQ^idani, 

7 

49 F, 

1 

1 S. 

156 

12 p Persei, 

1 

41 P. 

1 

10 S. 

157 

90 V Fisdum, 

28 

9F. 

0 

13 N. 

158 

48 » Eridani, 

4 

32 P. 

1 

46 S., 

159 

20 «- Casdup. « 

8 

80 F. 

0 

33 N. 

160 

29 y Viigin, 

6 

17 P. 

2 

19 S. 

161 

6 Comae, 

12 

58 F. 

0 

55 S. 

162 

29 Comm, 

10 

35 F. 

0 

2N. 

163 

20 Sextantis, 

8 

29 P. 

0 

22 S. 

164 

% Leo min. 

2 

54 P. 

0 

36 S. 

165 

6 Canum, 

15 

42 P. 

0 

25 N. 

166 


1 

20 P. 

0 

23 N. 

167 

10 n Ursm, 

13 

43 F. 

1 

30 S. 

168 

34 

4 

9P. 

0 

6 S. 

169 

6 Canum, 

16 

16 P. 

0 

53 N. 

170 

20, 

28 

12 F. 

1 

6N. 


53 2d r Bootes, 

49 

57 P. 

1 

10 N. 
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Al. 

H. 

D. 



219 

55 Ursse, 

5 

33F 

0 

36 

N. 

220 

64 y Ujfboe, 

43 

59 P. 

0 

20 

S. 

221 

21 

41 P. 

0 

87 

S. 

222 

, * 

20 

20 P 

0 

35 

s. 

223 


6 

4 ¥ 

*2 

45 

s 

224 

‘ 1 Canuin, 

9 

19 P 

3 

10 

s 

225 

* 

8 

31 P. 

0 

46 

s 

226 

64 y Ureae, 

33 

82 P. 

0 

34 

s. 

227 


15 

28 P. 

2 

37 

N. 

228 


5 

20 P. 

2 

24 

N. 

229 


3 

46 F. 

1 

47 

N 

230 

83 Ursa*, 

20 

24 F 

0 

27 

N. 

231 


24 

34 F. 

0 

10 

N 

232 


27 

7F 

0 

16 

N. 

233 

44 UrssB, 

1 

14 F. 

0 

16 

S. 

234 

74 Ursa*, 

1 

31 F 

0 

28 

S. 

235 

12 t Dracoms, 

66 

52 P 

2 

3 

S. 

236 


59 

56 P 

2 

13 

S. 

237 


54 

10 P 

0 

52 

S. 

238 

69 Ursa? Jlev. 

27 

55 P. 

0 

32 

S. 

239 


28 

10 F 

0 

17 

s. 

240 


28 

34 F. 

0 

17 

s. 

241 

19 Hyd. Crat. 

14 

43 P. 

0 

57 

s. 

242 

IS/’JJrwe, 

15 

40 P. 

0 

21 

s 

243 

77 * Ursa?, 

1 

47 F. 

2 

25 

N. 

244 

39 Ursa?, 

36 

44 F. 

0 

40 

N. 

245 


39 

27 F. 

1 

58 

N. 

246 

66 Ursae, 

29 

19 P. 

0 

20 

N 

247 


28 

13 P. 

2 

0 

N. 

248 


7 

5 P 

2 

52 

N . 

249 

17 Ursa?, 

9 

OP 

3 

43 

]>r. 

250 


4 

47 P 

3 

17 

N. 

251 

76 Ursffi, 

50 

48 P. 

2 

3 

s. 

252 


41 

11 P. 

0 

34 

s. 

253 


41 

46 P. 

0 

51 

s. 

254 


1 

47 P. 

1 

8 

s. 

255 

69 Ursa? Jffev. 

19 

26 F. 

1 

1 

N. 

256 


21 

S3F. 

0 

13 

N. 

257 

12 Eridaxii, 

16 

58 F. 

1 

58 

s. 

258 

47 A Persei, 

3 

41 P. 

1 

0 

N. 

259 

17 Hydra? Crat. 

18 

31 F. 

0 

27 

N. 


23 h Ursa?, 

1 

49 P. 

0 

34 

S. 


88 of Connois. 

3 

7 P. 

1 

35 

s. 

262 

1 A Draconis, 

2 


2 

41, 

s. 

203 

4 Braconis, 

22 

48V. 

0 

23 

s. 

264 


14 

18 P. 

1 

36 

N. 
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M. 

s., 

'p.' 

iil 


265 

37 UrssB, 

16 

16 P. 

1 

5 

N. 

266 


13 

35 P. 

0 

11 

S. 

267 

39 Ursa*, 

11 

21 F. 

0 

10 

S. 

268 


12 

46 F. 

0 

4 

S. 

269 


18 

1 F. 

0 

29 

N. 

270 


35 

36 F. 

1 

42 

N. 

271 


35 

54 F. 

0 

55 

N. . 

272 

Georgium Sidus, 

0 

53 P. 

0 

6 

N 

273 

A double btar. 

5 

45 F 

0 

39 

S. 

?74 


10 

13 F. 

0 

24 

S. 

275 

5 Dracon. Hev. 

1 

32 F. 

0 

12 

N. 

276 


2 

45 F. 

0 

12 

N. 

277 


0 

20 F. 

0 

20 

N. 

278 


11 

6P. 

0 

15 

S. 

279 


10 

28 P. 

1 

38 

N. 

280 

16^ Ursm nun. 

61 

63 P 

0 

3 

N. 

281 

T Apps Sculps.) 
L C 96, j 

1 

47 P. 

0 

27 

N. 

282 

208N Camelo 1 
ofBode'sCat ) 

153 

15 P. 

2 

43 

S. 

283 


113 

40P 

3 

4 

S. 

284 


85 

18 P. 

0 

23 

s. 

285 

24 d TJrsae, 

13 

14 F. 

1 

53 

s. 

286 

SO 

OP 

1 

8 

s. 

287 

1 X Draconis, 

4 

37 P. 

1 

13 

N 

288 

184 Camelo. of 1 
Bodc’s Cat. 1 

11 

58 P. 

2 

34 

S. 


A table uf ncbulse m the southern hemisphere, by La Caille, 
may be seen in the Connais&a/iice dea Temps for 1784, p. j270. 

ft • 


X. ON STELLAR NEBULAE, OB THOSE WITH BUBS. 

Dr. Herschel supposes that stellar nebulss iHi^ be real clus¬ 
ters of stars, the whole light of which is collected so nearly into 
^ne point as to leave but just enough of the hght of the cluster 
visible to produce the appearance of burs. See Nos. SI, 31, 
32, 46, 47, 49 of the following catalogue. 


XI. OK MILKY NEBULOSITY. 

Dr. Herschel considers the phenomena of milky nebi^nty as 
of two kinds, one of which arises from widely extended regions 
of clo^ly connected dustexiog stars, like those which form the 
Milky Way; while the other is real, and possiUy at no great 
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distance. The changes which the milky nebulosity of t Orion 
has uncletgone, both in shape and lustre^ seem to* indicate tliat 
it is not composed of stars. He conceives tliat this lumi¬ 
nous matter may, somehow or other, Ik? formed by means of 
the light that is continually issuing from the innumerable suns 
that fill tlie immensity of siiacc". See Nos 45, 74, 76. See 
alsip Phil Trans, 1791, p. 71, aad Plate VI, Sup. Fig. 12. 

« 

Xll. OF NEBULOUS STABS. 

A nebulous star, which is represented in Plate V, Sup Fig 
14», is a luminous point, surrounded with an immense \ isiblc 
atmosphere. Dr. Herschcl thinks that tlic central point is a 
8tar» from its complete resemblance to a star of equal magni¬ 
tude. See Nos. 45, 48, 52, 65, 69, 7 4. See also Phil. Trans. 
1791, p. 71. • 

XIII. ON PLANE TABY NLBULA:. 

Planetary ncbulse, one of which is represented in l*latc 
Sup. Fig. 11, is a circular space in the heavens, uniformly lu¬ 
minous, resembling a planetary disc. The light of one of these 
nebulae, 15" in diameter, was hardly equal to that of a star of 
the 8th or 9th magnitude Hence Dr. Herschcl supposes that 
they can scarcely be bodies like our Sun, as a part of the Sun'a 
disc, 15" in diameter, would exceed the greatest lustre of the 
full Mbon. 

“ If, on the other hand,” he observes, “ we should suppose 
them to be groups or clusters of stars, at a distance sufficiently 
great to reduce them to so small an apparent diameter, we shall 
be at a loss to account for their uniform light, if clusters! or for 
their circulai forms, if mere groups of stars. Perhaps they may 
be rather allied to nebulous < stars; for, should the planetary 
nebulae, with lucid centres, be an intermediate step between 
planetary nebula? and nebulous stars, the appearances of these 
different species, when all the individuals of them ore fully ex. 
fpnined, might threw a considerable light on the subject.” See 
Nos. 1,11, 18, 27, 51, 53, 60, 64, 70. 

MV. ON PLANETARY NEBULJE, WITH CENT RES. 

Thiq Hass differs only from the last in having a bright cen¬ 
tral point, as represent^ in Plate V, Sup. Fig. 14. Dr. Her- 
achH remarks, that if a gradual condensation of the nebulority 
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about a nebulous star could take placcf the StSe No. 78 in the 
following catal(^ue would be one of themy in an advanoed state 
of compression. See No. 37. 


Cat tLOGVB of Planetaiy Nebulae, Stars with Bura^ 

Clievelurcs, Short Rays, Remq^thahle Shapesf relaUnff 

to the five pn ceding Ai tides. 


Number. 

-- 

Stars by which the N c- 
buls may be found. 

Ukfferenrc of llight 
Ascension between 
the Nebulae and the 
SUr. 

Diiibrence in 
Dedinatum. 



M. 

s. 

D. 

M. 

1 

13 1 Aquaniy 

5 

24 P. 

0 

2N. 

2 

13 Monoccr. 

6* 

4 F 

1 

27 N. 

3 

15 Monocer. 

8 

18 P. 

0 

15 N. 

4 

69 Lconis, 

10 

3 F. 

1 

3 S. 

5 

29 y Virgtnisy 

9 

OP. 

1 

33 N. 

6 

59 c Looms, 

9 

OP. 

0 

18 S. 

7 

51 m Leonis, 

17 

OF. 

0 

39 S. 

8 

34 Virams, 

10 

12 P. 

0 

51 S. 

9 

51 TO Leonis, 

21 

15 P. 

1 

48 S. 

10 

51 e Ophiuclii, 

1 

42 P. 

0 

14 N. 

11 

3 Sagittse, 

22 

0 F. 

1 

47 N. 

12 

39 h Signi, 

8 

6 P. 

1 

35 S 

13 

21 Vulpec. 

2 

6 F. 

1 

51 N. 

14 

27 Aquila?, 

6 

6P. 

1 

45 S. 

1.^ 

21 « Androin. 

2 

6F. 

1 

21 S. 

16 

16 a Sagittar. 

17 

12 F. 

0 

1 N. 

17 

81 Ceti, 

36 

30 F. 

0 

36 N. 

18 

14 Androm. 

6 

11 P 

3 

16 N. 

19 

5 Monocer. 

7 

6P. 

0 

10 S. 

20 


3 

42 1\ 

0 

3N. 

21 

12 Loporis, 

8 

48 P. 

0 

24 N. 

22 

7 1 Navisy 

3 

10 F. 

1 

28 S. 

23 

75 Ceti, 

*4 

40 P. 

0 

6 S. 

24 

50 ^ Otionis, 

0 

57 F. 

0 

17 S. 

^5 

19 Navis, 

67 

OP. 

1 

15 N. 

26 

34 y Eridaniy 

16 

16 F. 

0 

49 Ig. 

27 

6 3 5 Crateris, 

98 

39 P. 

1 

25 N. 

28 

31 Crateris, 

1 

OF. 

0 

47 N. 

29 

4 r Crateris, 

3 

.36 F. 

0 

16 N. 

30 

14 Canum, 

6 

48 P. 

0 

55 

31 

50 Aquarii, 

7 

55 F. 

0 

87 

32 

62 5 Eridani, 

0 

35 F. 

0 

21 N. 

33 

49 d Orion, 

? 

33 P. 

0 

28 N. 

84 

40 2d ^ Orion, 

5 

41 F. 

0 

12 S. 
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M. 

s. 

D. 

M. 

as 

9 Hydrse, 

8 

19 P. 

0 

14 S. 

36 

60 Ononis, 

11 

38 P. 

0 

20 S. 

37 

28 « Draco, 

20 

33 F. 

2 

12 S. 

38 

55 Orionib, 

18 

3F. 

1 

17 N. 

39 

2 Navis, 

3 

32 P. 

0 

5 S. 

40 

68 1 Virginis, ■* 

30 

45 P. 

0 

18 S. 

41 

14 Sa^ttarii, 

n 

58 P. 

1 

15 S. 

42 

51 Ceti, 

7 

26 F. 

0 

27 N. 

43 

26 /3 Peraei, 

2 

48 P. 

1 

54 N. 

44 

5 Monocero. 

7 

16 P. 

0 

2 S. 

45 

55 ^ Gemiii. 

9 

6 F. 

1 

1 S. 

*46 

99 * Virginis, 

4 

38 P 

0 

57 N. 

47 

44 A- 

1 

48 F. 

0 

46 S. 

48 

19 Leo min. 

6 

32 F. 

0 

17 S. 

49 

102 lst« Vir^ 

6 

9 P. 

0 

52 S, 

50 

77 * liercul. 

40 

13 r. 

0 

28 S. 

51 

61 g- Sagitl. 

13 

56 P. 

1 

23 N. 

52 

4 d Cassiopeia, 

4 

OP. 

1 

6 S. 

53 

10 Camelopard, 

55 

42 P. 

0 

11 N. 

54 

67 Ursae, 

7 

32 F. 

0 

30 S. 

55 

34 Lyncis 

28 

4P. 

0 

2 N. 

56 

56 Urs®, 

25 

11 F. 

0 

56 N. 

57 

35 or Hercul. 

34 

27 F. 

0 

18 S. 

58 

24 Cephei, 

116 

28 F. 

0 

2N. 

59 

55 Ursa*, 

4 

59 F. 

0 

.23N. 

60 

36 Ursa*, 

8 

37 F. 

2 

28 S. 

61 

64 y Urfaie, 

3 

56 F. 

0 

19 S. 

62 


2 

27 F. 

1 

25 N. 

63 

69 Ursae Her. 

1 

24 F. 

1 

33 S. 

64 

6 Navis, 

7 

41 P. 

1 

2 S. 

65 

28 Monocero. 

51 

49 P. 

0 

26 N. 

66 

17 Ur^a, 

16 

29 P. 


6 S. 

67 

66 Ursa*, * 

0 

39 P. 

1 

55 N. 

68 

45 Lyncis, 

4 

15 1^, 

1 

44 N. 

69 

f 26 Aurigac, or 

88 

24 P. 

0 

11 S. 

\ SI Hevel. * 

24 

59 F. 

1 

26 S 

70 

6 Draconis, 

50 

27 F 

0 

27 N. 

71 

37 1 Bootes, 

16 

5F. 

0 

44 S. 

78 

•Va 

34 Cygui, 

16 r. Cygni, 

5 

2 

10 P. 

51 F. 

0 

0 

23 N. 

1 S. 

74 

7 Cephei, 

24 

57 P. 

1 

22 N. 

75 

7 Cephei, 

14 

40 F. 

0 

46 S. 

76 

3 n Cepliei, 

16 Kndani, 

10 

31 P. 

1 

36 S. 

77 

4 

56 F. 

0 

U N. 

76 

f 8 Ursae min. of ) 
1 Bode’sCat. J 

25 

OP. 

0 

12 N. 
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llemarlis on ihe Nchnlce In the prccedinff Catahgtte^ according’ 
, to Dr. He rockers Observations. 

No. 1. A very bright planetary disc, nearly roupd, but not 
veil (Ufined. 

• fi. ('oiibiderul)!^ bright. Represented in Plate V, Sup. yig. 8. 

n. LiLc astar with an electrical bnibh. See Plate V, Fig. 10. 

•4. Extremely faint, hke a star 'with a very faint brush. 

5. A star with a milky ray, 1.7 or QO' long. See Fig. 21. 

6. A central bright point, with a milky chevelurc. 

8 and 9. A close double nebula. The chevolures run into 
each other. 

10. Star with a faint brush N. F. and two small stars visible 
in ii. 

n. Defined planetary disc, 30" or 40" diameter. 

12. 3' or 4' diameter, like a brush to a star N. P. 

13. 1' diameter, round, and well defined. 

i 1. 1' diameter, and resolvable into stars. 

15. A faint star, with a small chevelurc and two burs. 

10. Pretty bright, round, pretty well defined, and 45" in dia¬ 


meter. 


17. A small star, wiih a faint ncbulou.s brush, about 2Tong. 

18. -A round, bright, well defined planetary disc, 15" in dia- 

njeter. ’ 

19. A star of the 9th magnitude, with an elliptical milky 
ehc\ fclure. 

2,0. A star of the 12lli magnitude, like the preceding. 

* 21. Stellar, with a very bright nucleus, and a faint cheve- 
lure, not quite central. 

22. O' diameter, round, and easily resoh ed into stars. 

23. A very bright nucleus, with a chevelure, about 4' dia- 
inetcr. 

^^24. A4>right star, with a chevelurc, 5' long, and 4' broad. ‘ 

25. A considerable star, witli a a ery faint, small, and irre- ^ 

gular milky chevelure. * * 

26. A bright, round, ill defined })lanetary disc. It is re¬ 
solvable on the borders, and is probably a very compressed 

’ cluster at an iinnjense distance. 

27. A beautiful, brilliant planetaiy disc, ill defined, but uni¬ 
formly bright, 40" diameter. 

' 28. A pretty bi*ight and large opening, uritb a branpb, or 
two nebulse, very faintly joined. 



oyi TRS FIXED STAE8. 


CH. XI. 


316 

29. A very small star, with a very ffunt brush preceding. 

30. Two stars, S' distant, connected with a faint narrow ne- 

buloaty. 4 

31. Stellar, with a pretty large clievclure. 

35. Small and bright in the middle, like a star affected with 
irregular burs. 

33 A star with milky chevelure, or a very bright nucleus, 
with milky iiebulosit}. 

34. An ill defined planetary nebula. 

35 A small star, with a brush S. P. 

36. A star not quite in the centre of a milky chevelure. 

87. A very bright planetary nebula, about 35" diameter. Its 
edge is ill defined. After long attention, a very bright, well 
defined, round centre becomes visible. 

38. A considerable star, with a faint milky chevelure. 

39. A bright round nebula, within a cluster. It is 2' diame¬ 
ter, but is unconnected with the cluster. 

40. A pretty bright star, with a seeming brush north pre¬ 
ceding it. 

41. A double star, with extensive nebulosity of different in- 
tcnmty. About the double •star is a black opening, resembling 
the nebula in Orion. 

42. A star of the 8th or 9th magnitude, with fiunt branches, 
each V long. 

43. A pretty bright star, with two faint branches. 

44. A star in a milky chevelure. 

45. A star of the 9th magnitude, with a pretty bright milky 
nebulosity, equally dispersed oil around; a very remarkable 
phenomenon. 

46. A small, but pretty bright stellar nebula, like a star with 
burs. 

47. A pretty bright stellar nebula, resembling a star with a 
tnir all around. 

„ 48. A faint star, with a faint nebulosity, extending V S. P. 
and N. B. • 

49. A pretty bright stellar nebula, with a small bur all around. 

50. Bright and round 4' diameter, equally bright, with a mar. 
^n resolvable into stars. 

51. A small, bright, and round beautiful planetary nebula, 
10^ or 15" (hameter. It is considerably hazy in the ed^s, but 
of an uniform I’^t. 
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• 52. A star of the 9th magnitude, with a faint and small ne¬ 
bulosity about it. ^ 

58. A pretty bright planetary nebula, near 1' diameter,roundr 
ibh, of uniform light, and pretty well defined. 

^ 54. A considerably bright small nucleus, with faint chevelure. 

^ * 55. Pretty bright and round. Its light is pretty uniform, 
but ill defined, and a little fainter at the edges, 1' diameter. 

56. A considerably bright nucleus, in the middleof an evten- 
fcive chevelure, 5' in diameter. 

57. A small star in a faint nebulosity. 

58. A star of the 9th magnitude, surrounded with faint mUky 
nebulosity. The star is either double or not round. Less than 
1' diameter 

59« A considerably well defined nucleus, with a very faint 
chevelure. 

60. A bright round planetary nebula, but indisltinct on the 
edges, so as to make it a stdp between planetary nebul® and 
diose which are described as very suddenly much brighter in the 
middle. 

61. Bright, with a bright round nucleus, and very faint 
branciics, cvteiidmg about 60® N. P- and S. F. or 8' long, and 
5 broad. 

63. Considerably bright, and quite round.^ A large space in 
the middle, equally bright, but less bright at the maigin. 

63. 4' in diameter, round, and much brighter in the middle. 

64. A beautiful planetary nebula, of a considerable degree of 
bnghtness, about 12" or 15" in diameter, not well defined. 

' 65. A star of tlie 9th or 10th magnitude, affected with a faint 
nebulosity all around. 

66. A small star, with a pretty bright fan-shaped nebula. 
The star is on the preceding side of the chevelure, and seems 
connected with it. 

0^67. Between 2^ and 3' in diameter, round and bright. The 
greater part of it is equally bright, Uicn fading away suddenly. 

68. Bright and round, with a bright nucleus in the,middle, 
and a faint chevelure joined to it. 

69. A small star of the 8th magnitude, with a faint luminous 
' atmosphere, of a circular form, about 3' in diameter. «The star 

is exactly hi the centre, and the atmosphere so diluted, faint, 
and equal throughout, that it cannot be supposed to consist of 
stars, and the star and the atmosphere are evidently connected. 
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70. Round, considerably bright, and 30" in diameter. It 
resembles an ill defined planetnn nebula. 

* 71,. A star of the i7.6 inagiiitude, enveloped in an extensive 
milky nebulosity. * 

72. A double star of the 8th niegiiitude, with a faint milky 
ray s. P. joined to it, about 8' long, and 1' 30" broad. 

73. A bright point, a little extended, like two points close to 
one another.' It is as brioht as a star of the 8.9 magnitude, sur¬ 
rounded by a very bright milky nebulosity, suddenly terminated, 
having the appearance of a])lanctary nebula, with a lucid centre. 
The border is not v ell defined. It is perfectly round, and about 
1' 30" inf diameter. This is a beautiful phcnomonoii, and is of a 
middle species between tlje planetary ncbulie and nebulous stars. 

74. A star of the 7lh magnitnde, with a nebulosity extend¬ 
ing a degree all around. 

75. Three stars of the 9th magnitude, involved in nebulo¬ 
sity, about 1' 30" in diameter. ‘ 

76. Faint, with a bright nucleus in the middle, seeming lo con- 
ust of stars. The nebulosity, of G' or 7' is of the milky kind. 

77. A star of tlic 9tli or 10th magnitude, with a nebulous 
rtiy about V 30" long on the S. P. side. 

78. Considerably bright and round, approaching to a plane¬ 
tary nebula, with^a strong hazy liorder, 1' 30" in diameter. 


CHAP. XII. 

OK FhACTICAL ASTEOKOMY, WITH AK ACCOUKT OF THF. IK- 
STBl MEKTS USED IK OBSERVATOBIES. 

« 

PbaOtical AstroKomy is that branch of tlie sciaice which 
treats of tile description and use of Astronomical Iiistrumcnts, 
tho object of which is, to determine the magnituJw^ of 
bcaveuly bodies, and their position in space. 

The^prinripal instruments which arc used in observatories 
arc the following:— 

1. Micrometers. 

„ 2. Tranrit Instruments. 

3. Quadrants. • 

^ 4. Circular Instruments. 

5. Equaisasial Instruments. 
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Before we proceed to describe these instruments, we sljall en¬ 
deavour to explain the principle and construction of the Vernier 
Scalci a simple contrivance, which forma a necessary part of 
every graduated instrument. 

The Vernier Scale is represented in Plate VIII, Sup. Fig. 2, 
“^here A B is a portion of the limb of an instrument, suppose one 
deforce, which is subdivided into heclve parts, each of wliich is the 
12th part of a degree, or o minutes. In order to subdivide each 
of these spaces into minutes, E F is fixed to the tele¬ 

scope. The index or jk/to at the commencement of this scale 
is shcivn at I, and as it points somevhere between 60 and 56 
minutes on the limb AB, wc haw to determine the exact num¬ 
ber of minutes and half minutes to which it points. As the num¬ 
ber of half minutes in any of the spaces on tlie limb is ten, add 
one to this number, 'which makes eleven, and take eleven divisions, 
\iz. A it’ on the limb in a pair of compasses; set this space from 
I to. p on the scale, and divide into U'n equal parts, two of 
V hich will correspond to one minute, and place the minutes 
at 1, 2, 3, 4, 6. Then, looking at the scale and tlie limb at tlic 
same time, observe which division on the s^alc corresponds most 
iu*curatcly witli one on the limb, which in the present case will 
l>o found to be the one marked minutes. Hence the index 
0 points to a spot 31 minutes beyond 60 minutes, that is, to 
53 * minutes, or 53' SO". 

Since each division on the limb is one eleventh of the space 
A a: -= 55 minutes, and since each division on the scale is one 
tenth of the same space, it will be 5g minutes; and consequent- 
’ ly each division on the Vernier scale will be J a minute less than 
each division on the limb. But since the division line m of the 
s'-ale is coincident with the division line a on the limb, the line 
n, will extend beyond h one half minute, o beyond c two half 
minutes, p beyond d three half minutes, q beyond e Jbur 
ihalf iflfirates, r heyondij' Jive half minutes, s beyond g sise half 
minutes, and I beyond h seven half fiiinutes, that is, the index 
I will point to a spot seven half minutes, or 3|' beyc^d the 50th 
minute at h. *• 

If we wished to subdivide the space of five minutes into 60 
parts or every five seconds, then it would have been necessary 
to ta^e 61 divisions on the limb, and divide it into 60 parts for 
the Vernier scale. 
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, I. X>£SCKIifT10N 01< MICBOMl<>T£BS. 

A micrometer is an instrument which is attached to a telescope, 
in order to measure small spaces in the heavens, such as the 
diameters of the Sun, Moon, and planets, &c. The micrometers 
which are most commonly used, are the wire micrometer and 
the divided ol^ect-giass micrometer^ 

1. JVlre Micrometer. 

This instrument, as fitted up in the eye-piece of a telescope, 
is shewn in Plate VIII, Sup. Fig. 3, where S S E is the eye¬ 
piece which screws upon the telescope at S S, E the place of the 
eye, and M N the micrometer placed in the focus of the eye¬ 
glass at E. A section of the micrometer through M N is 
-shewn in Fig. 4, where F F F F is a box or frame of brass, and 
M P N a steel wire having the part M P (which passes through 
a hole in the side of the box) formed into a fine screw with 
WO or 300 threads in an inch. The other end Q N is guided 
tlirough a little tube F N. This wire either forms part of the 
steel frame P Q R T, oris firmly fixed to it. To the point W of 
this frame is fastened a chain W' W, which coils round the box 
W X, in which there is a steel spring. A graduated head A B 
divided into 100 parts, and attaclied to the milled nut C’, screws 
upon the fine screw M P, and bears against the index 11, at¬ 
tached to the box F F. If we now turn the milled head C so as to 
screw it towards P, the steel wire M P N and its frame P Q R T 
W'ill move towards AB, uncoiling the chain fiom the 

barrel or box X; but if we screw in the opposite direction, the 
spring in the box X pulling against the frame R Q, by the chain 
W' W, will cause it to move towards D N. A slender silver 
wire, or the fibre of a spider's web, being now stretched across 
the low er side of the frame P Q R T at op, may be moved across 
the aperture of the telescope, by turning die milled head C. 
Another wire m n parallel to o p is fixed upon tlie brass bOA, afTU 
'a third wire r j at right angles to it. In general, however, it is 
preferable to fix these two last wires to the upper side of another 
frame, p t. Fig. 5, which lies below the fi'ame P Q R T, and 
which is capable of being moved by means of the screwDd. These 
frames are so constructed that the fibres m n, op can pass each 
other without touching, and that when the one is behind the other, 
th0y appear as one fibre. Let us now suppose that the instru- 
' inent is put together as in Fig. 3, and that we wish to measure 
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CjiTJLOouE ofTxw Hundred and Ei^ty-eigbt of the First 
ClasSf or Class Brighi Nebidce, accordinff (o the 
Observations (yf 'Dr. Hcrsdiel. • 


Fikst Class, 


Xambei. 


Difference of Right 

Stnrs fiy which the Xe- Ascension in Time DifTerciice in 
bul^ may be found. between the Nebu- Declination, 
hr and the Star. 


82 § Ceti, 

3 Leonis, 

34- Sextantis, 

81 Leonis, 
04 Virginis, 
49 Leonis, 


-9 

10 r Virginis, 

10 



5 Comae Be, 

-12 

6 Comae, 

13 

69 Leonis, 

14 

29 y Virginis, 

15 

• 

16 


17 

146 f Leo, 1 

18 

19 

i i 

11 Comae, 

20 

73 n Leonis, 

21 

34 Virginia, 

22 

<9C1 

24 

30 g Virginis,* 

25 

34 Virginib, 

26 

t 52 K Leonis, 

27 

46 i Leonis, 

28 

34 Vir^is, 

29 

73 n Leonis, 

30 

31 1 d Virginis, 

31 

31 1 Virgbis, 

32 


33 

9 * Virginis, 


17 F. 

7P. 

55 P. 
27 P. 

42 P. 

56 F. 
45 F- 
50 F. 
12 F. 
37 F. 

30 P. 
12 F. 

57 P. 

43 F. 

23 F. 
34 F. 
50 F. 

18 F. 
SOP. 

F. 

31 F. 

24 P. 
24 P. 
42 P. 
45 F* 
45 P. 
47 F.- 
36 P.’ 

9P. 
41 P. 
OP. 

11 P. 

12 F. 


M 

8N. 

9. 
13 S. 

10 s. 

7N. 

1 S. 
40 S. 

48 N. 
35 S. 

,4N. 

11 S. 
9 S. 

2 N. 
23 N. 
58 N. 
13 N. 
32 S. 

29 S. 
46 N. 
57 S. 

49 S. 
17 S. 
19 S. 

6S. 
40 S. 
9S. 
43 S. 
8N. 

30 S. 
32 N. 
87 N. 
28 N. 
89 N. 
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34 

35 

36 

3Jr 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 
Z4 

55 

56 
57' 

58 

59 

60 
61 
62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 


} 



SI. 

s. 

V. 

M. * 

59 e Virgiiiis, 

20 

42 F. 

0 

34 S. 

34 Virginis, 

31 

42 1*. 

1 

5N. 

¥ 

11 

24 P. 

0 

20 N. 

52 2d Virgin^ 

11 

36 P. 

0 

ON. 

51 Virgiuis, 

21 

36 P. 

0 

14 S. 

28 Virginis, 

5 

48 P. 

0 

2 N. 

9 

24 F.' 

1 

2 N. 

26 X Virginis, 

30 

27 F. 

0 

8N. 

49 ff Virginis, 

28 

6P. 

0 

61 S. 

51 e Ophiudii, 

7 

18 F. 

0 

ON. 

43 Ojihiuclii, 

6 

36 P. 

0 

4 N. 


0 

54 F. 

1 

46 N. 

1 m Aqiiilff, 

17 . 

48 F. 

0 

33 S. 

43 Sagittarius, 

114 

OT. 

1 

41 N. 

10 y Sagittarius, 

2 

18 P. 

0 

L3 N. 

19 ^ Sagittarius, 

3 

OF. 

0 

33 S. 

22 X Sagittarius, 

3 

12 F. 

0 

j3 S. 

]7Delphini, 

6 

0 F. 


24 N. 

66 V Cygni, 

78 

6F. 

0 

51 S. 

35 » AiKlronictla, 

18 

36 F. 

1 

26 S. 

66 Pegasi, 

17 

59 P- 

0 

2 N. 

4 X Lconi^, 

0 

46 F. 

1 

29 S. 

19 Eridani, 

5 

9 F. 

1 

22 S. 

15 1 Navis, 

64 

18 F. 

0 

21 N. 

19 Eridani, 

6 

51 P. 

0 

16 N. 

6 Scxtantis, 

8 

42 P. 

0 

31 N. 

55 K Ccti, 

0 

25 P. 

t) 

87 N. 

80 Ceti, 

5 

12 F. 

0 

25 S. 

8 1 e Eridani, 

15 

9P. 

0 

2 N. 

31 Cratcris, 

23 

30 F. 

0 

52 N. 

12 Ilydrae, 

25 

2F. 

1 

7 S. 

8 « Con i. 

37 

17 P. 

2 

ION. 

53 Virginis, 

12 

40 P. 

1 

4N. 


11 

4P. 

1 

34 N. 

106 Virgmis, 

1 . 

2 F. 

0 

?r4'‘N. 

19 ^ Libra?, 

0 

3 P. 

1 

4N. 

23 Leonis min. 

13 
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ON PRACTICAL AST&OKQMr. 

MTith It the sun's diameter,as6een,>ii thefieldiof view romtnp. 
Fig. 4. Kiaving turned nound the whole microiiaeter till the 
lower limb of the Sun moves along the fixed wire m ft, turn 
the nut C so as to bring the other wire op in coi)tax:t with th0 
upper hmb of the Sun, and so that the Sun in Its motion through 
vlie field of the telescope may be exactly comprehended be¬ 
tween the wires. When this is. done, the distance of the wires 
m rig op becomes a measure of the Sun's diameter. iLet the nut 
C be now turned so as to biing the wire op exactly into eoond* 
clcnce with m n, and let it be carefully observed by means of the 
scale upon F F, Fig. 3, and the divisions on A B, how many 
turns and hundredths of a turn of the nut C arc necessary to 
b'-ing the wires into coincidence. Suppose the number to be 
108.40, or 108 turns and 40 hundredths of a turn; then'^efore we 
can convert this measure into minutes and seconds, we must as¬ 
certain experimentally the angular value of a given number*# 
turns, suppose 100, which may be easily done by separating 
the wires 100 turns, and observing bow much of an object 
placed at a given distance is comprehended between the wires. 
Let die interval comprehended by the wires be 40 feet, at the 
distance of 4584 feet: then it will be found by experiment that 
the a^le corresponding to this is ^0'; and hence we have the 
toltSwmg analogy-.— 

Timh 

As lOO 1 SO' : ; 108.4«0 : SS' 81".2. 
die diameter of the Sun required. 

The scale of the micrometer may also be determined by ob- 
,ser% ing the time in which an equatorial star passes through 
any given distance of the wires, and converting’ this into de¬ 
grees by the Table in Vol. I, p. 108. 

2. Divided Ol^ect-Glcua Micrometer. 

T he div ided* object-glass micrometer is pilncipally useful 
for measuring the diameter of lucid discs, such as those of the 
Sun and Moon, though it may be employed for all micrometri¬ 
cal purposes. It consists of two semi-lenses^ A, B, Plate VIII, 
Sup. Fig. 6 (formed by bisecting a lens), pf which gives a 
separate Imagib of the lucid disc. When the semi-lcnses are much 
separate, they ^ve two detached images, as at P; when their 
separation is less and of a certain amount, the two images etre in 
accurate contact, as at N; when they are still dotin'^ the images 
overlap one another, as at M; and when the centres of A and B 
coincide, the two images coincide also, and fenm only tme inu^Ct 

VOL. n. Y . . 
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If tlie obJect-glflBS of a telescope is thus bisected, and if one 
of the lenses is moved by means of a screw, in the same 
maimer as the frame is moved in Fig. we may mcasuiv the 
separation of the lenses by means of a scale subdivided by a 
drcular head; and the value of any number of turns of the 
screw mav be ascertained in the same manner as in the wiiv, 
micrometer. In order to use the instrument, m e have only to 
direct it to tlie Sun, for example, and separate the semiJenses 
till the two images of it arc in contact. The separation of the 
lenses will then furnish a measure of the Sun’s, diameter. 

The simplest form of the divided object-glass micrometer is 
that which I have described in my Treatise on Naa 
phical Instruments, p. 31. The semi-lenses are fixed at an in 
variable dfistance, and are moved in tubes bet\veeri the object- 
glass of a telescope and its principal focus. The motion to¬ 
wards the focus closes the images, and the motion tow'ards ttu* 
object-glass shuts them ; and on a scale engrav en upon tubes, 
and formed experimentally, is }X)inted out the precise angle 
subtended by the object, when its two images arc in eontaet. 


II. ON THE THANSIT INSIRrMENT. 

A tr^nat instrument is a telescope, movtable in the jjlanc of 
the meridian upon a horizontal axis, for the purpose of obsen- 
ing the precise instant when any celestial object passes the me¬ 
ridian, Qne of Ml"* Troughton’s portable transit instruments 
is represented in'PIate VIII, Snp. Fig. 7,*whcrc F P is an achro¬ 
matic telescope,* firmly fixed by the middle to a doubly coni¬ 
cal and horizontal axis H H, the pivots of which rest on .'ingu- 
lar bearings called Y’s, at the top of the standards IJ, B, ren¬ 
dered steady by oblique braces D, D, fastened tq the central 
part of tlie circle A, A. Tlic axis H H has two au^iMhients, 
one for making it exactly level, and the other for placing the 
•telescope in the meridian. A graduated circle L is fixed to the 
extremity of the pivot which extends beypnd one of the Y’s, 
and the two radii that carry the verniers a, a, fuf fitted to the 
extremity of the pivot in such a way as fo turn round inde- 
pend^t of the axis. Tlie double vernierni have a siqall level 
attached to them, and a third aim h, whkh is connected Vith 
the standard B by means of a screw s. If the verniers are 
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placud, by mcau$ of the level, io a true honzonlal position, 
when tlic axis of the telescope is horizontal, and tlie arm d 
.scl•e^\ed by ihe screw .? to the sl.uulard H, the verniers will al- 
vajsreud oil* the inclination ol tlie telesco])e, and wi|l enable the 
observer to ])oint it to any star, by means of its meridian alti- 
Kide. The whole instninieut rests* on three ro(iil-hcrev\s entered 
into the circle A uV. The telescope has a diagonal eye-piece 
lor observing hlai-s near the zenith, and in the lield of viev\ there 
are several parallel vertical v\iioh crossed at right angles with a 
iiorizoutal one. 

In order to fix the trajiblt instniment exactly in the meridian, 
the clock should be previously j-egiilatpd to sidereal time, by 
means of corresponding or equal altitudes ol‘ the Sun or a star, 
taken before and alter they puvss the meridian, by small qugdranls 
or ciicles, or by a good sextant. The axis ft H of the transit 
is then to bt placed horizontal by means of a spirit level, which 
accoiujianics the instrument, and the greatest care must he 
Uikeii that the axis of vision describes in the heavens a great 
circle ol‘ the sjiherc. 

'J lie readei v\ill llnd a verv mimite account of the method <»f 
)n.iking*all these verifications iii the EdbihuffU Eun/chpadla^ 
\rt Mftonomt/f vol. ii, }>. 7d0, 731, 702. 


HI. ON TILL Ul’AURANT. 

quadrant is the fourth part of a circle, having its limb di- 
Vidt'd into 90 degrees, for the purpose of measuring the alti¬ 
tudes of bodie‘S above the horizon. The principle of the <pia- 
dranl having been already clearly explained in \'ol.I, p.8G, 
we shall content ourselves with giving a description of tlie pil¬ 
lar quadranU as coiisti’uctcd by Bird. This instrument is re- 

VIII, Hap. Fig. 8, and consists of a qua¬ 
drant E Fi H GL, mouiUed on a pillar B, Vhich is supported 
by a Irijxjd A A, resting on tlirce foot-screws. The <iuadraut, the 
pillar and the iiorizoutal circle ail revolve round a veitical axis. 
A telescope II is placed on tlie horizontal radius, and is direct¬ 
ed to a meridian mai*k, previously mode on some distant object 
for placing the plane of the instrument in the meridian, and also 
for setting the zero or beginning of the scale truly liorizontul. I'liis 
is sometimes dope by a level, instead qf a telescoiit, and loine- 
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times by a plumb-line G, suspended from near the centre, 
and brought to bisect a fine dot made on the limb, where a mi¬ 
croscope a is placed to examine the bisection. The weight or 
plummet at. the end of the plumb-line is suspended in die cis¬ 
tern of water wliich keeps it from being agitated by die air. 
A similar dot is*' made for the upper end of the jijbnib-liiiw 
ujKin a piece of brass, adjustabjc by a screw d, in order that 
the lino may be exactly at right angles to the telescope, 'when 
it IS placed at 0°. 

The central part <if the frame of the quadrant is screwed to 
a piece of brass e by three screws, and^ this piece is again 
screwed by three other screws to the top of the pillar B. By 
means of the three first screws, the plane of the quadrant can 
be placed exactly jiorallcl to the vertical axis, and by the odu'r 
screws die telescppe H can be placed exactly perpendicular to 
it. The nut of the delicate screw L is attached by an iinivcr- 
sal joint to die end of the telescope F. I’he collar for the ollier 
eiid is attached by a similar joint to a clamp r, which can be 
fastened to any part of the limb. A similar clamp-screw and 
slow motion is seen at n for the lower circle. 

In using diis instrum^ent, the axis of* tlie telescope 11 is ad- 
jusicd*to u horiiiontal line, and the plane of the (jiiadrant to a 
A ertical line, by the mUns already mentioned. Tfie' sere vv of 
the damp L is then loosened, and the tcJ 9 Scope directed to the 
star whose'altitude is required. The clamp-screw being fixed, 
the observer looks Uirough the telescope, and with the nut of 
die screw L he brings the telescope inlo a position wliere the 
star is bisected by die intersection of the wires in the field of 
the telescppe. The divisions are then to be read oil* upon the 
vernier, and the altitude of the star will be obtained. 

By means of the horizontal circle D, all angles in the plane 
of the horizon may be acciu'ately measured. 

•A full account of the mediod of adjusting uj-tJ'n»hig uie 
astronomical quadrant will be found in the Edinburgh Ency- 
dopvedia. Art. Astronomy^ Vol II, p. 726. 


IV. ON AsVnONOMlCAt CXBCX.XS. 

An astronomipal rircle is nothing mcu'ethmi a complete circle, 
substitute in place -of the quadrant, end differs in no respect 
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from this last instrument, except in the superior accuracy with 
which it enables the practical astronomer to make his observa¬ 
tions. One of these instruments, as constructed by Mr. Trough- 
ton, for Major-general Sir Thomas Bribhanc, is represented in 
Plate VIII, SujK Fig. 9. The large vertical or declination circle 
0 C, is composed of two complete circles, strengthened by an 
edge bar on their inside, and firmly united at their extreme 
borders by a number of short braces or bars which stand per¬ 
pendicular between them, and which keep them at such a dis¬ 
tance as to admit the achromatic telescope T T. This double 
circle h supported by 16 conical bars, firmly united along with 
the telescope to a horizontal axis. The exterior limb of each 
circle is divided into degrees, and parts of a degree, sometimes 
iijwn the brass itself, and sometimes upon rings either of silver 
or an alloy of platina inlaid in the brass, and these divisions arc 
.subdivided into seconds by means of the micrometer micro- 
sco])es w?, which read off the angle on the opposite sides of 
each circle. The cross wires in each microscope may he moved 
over the limb till they coincide with the nearest division of the 
limb bv means of the micrometer screws c, c, and ’the space 
moved through is ascertained by the divisions on the graduated 
lioacl above », assisted by a sCaJe v'itliiii the microscope. The 
microscopes are supported by two arms proceeding from a small 
circle concentric with the horizontal axis, and fixed^to the ver¬ 
tical columns. This circle is the centre upon which they can 
tiii-n round nearly a quadrant, for the purpose of employing a 
new portion of the divisions of the circle, when it ‘is reckoned 
prudent to repeat any delicate observations upon difierent parts 
of the limb. A small capstan head-screw seen at the top of 
the front column, serves to clamp or fix the microscopes in any 
position where the observer wishes them to be placed. At h is 
represented a level for placing the axis in a true horizontal line, 
' and'*ani;‘‘isTxcd another Ic'iel parallel to the telescope, for 
bringing the zero of the divisions to a horizontal position. The 
honzontal axis to which the vertical circle and the telescope 
are fixed, is equal in length to the distance between the verti- 
. cal pillars, and its pivots are supported by semicircular bear¬ 
ings, placed at the top of each pillar. These two vertical pil¬ 
lars are«finnly united at their bases to a cross bar J: To this 
cross bar is also fixed a vertical axis about three‘feet long, the 
lower end of which temuimting in an obtuse point, rests in i 
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I)rat.s conical socket firmly fasteiiecl at the bottom of the ht»l!o\vr 
ill the fttone pedestal 1), avIucIi recc'Aes the vertical f.\i.s. This 
hoclet snj>porth the whole weipjit ol’ the moveable part of the 
iiiMrnmimt. The ivpper jiart of the vertical axis is supported 
betu'^eii two ]»ieces of brass, one of vvliicli is setn at r, screwed 
to the liii^ /, and containing a right angle or V. Ai ^ach side 
of the ring*, <‘pj)ositc to the points of contact, is placed a tube 
containing a htlieal ’■pring, which, !>> a con>tant pressure on 
the axis, keeps it against its bearings, ami pc'imits it to turn in 
these four pc/mts of contact with an easy ai d sti'ud; motion 
The two bearings aie llxc'd upm two rings capable i.t .i l.ili ral 
adjustment; the lowc'r one by the screw d to incline the axis to 
the east or west, while the screw b gives the upper ling / a mo¬ 
tion in the plane of the meiidian. ]ly this means the axis may 
be adjusted to a perpendicular position as exactly as by the 
usual method of the tiipod with feet screws. 1'he‘^e lings are 
attached to the centre piece which is firmly coimcctc'd with 
the up])er surface of the stone by six'eoriical tubes A, A, A, A, 
tcc. aiul brass standards at eveiy angle of the hexagonal pi‘- 
(Icst.ih Bel )w this frame lies the a/imntli cir Ic- E E, con^st- 
ing of a eii‘'Mk'r limb, stivnglheiicd by 10 hollow cone* firmly 
imilecl with the vertical axis, and con-'Cajia ntly luriiuig fu'd' 
along with it. The azimuth circle Ei E is divided and lead off 
in die same manner as th?* vertical circle. The arne of the 
liiieroseojK's B B jirojcct from the ling /, and lie mieroscopt'- 
lhc‘mselvc*s ate acljiistahle by screw'.s, to bring them to zero, and 
to the dlanrft'ler of tlic* eircie. A little above the I’lig i is fixed 
an a»m L, whicii embrates and holds fast the vertical axis willl 
the aid of a tiani]) screwv. The aim L is toniuxttcl at the c\- 
tremit} with cme ol'thc cones A, bv means of'the* screw a; so 
that by tiunii'g tills-ertw, a slow leoticn is coniiminicated to 
the verlic’al axis and the a/imutli cncit. A 'low motion (if a 
similar kii d i. given to iheveitical ciuic by the'Vtayfip'&’tfcrSKiw 
lucitioii scKw at t’. U be a] j .naliis ica lliis piipose is support¬ 
ed by a j>ii(e of liemnicud bia's, sc'Kwed to one of the pillars, 
and made tl/m and pliable in the diicctioii of tlie horizontal 
axis, so as to ajiply itself to the limb of the ciicle, without de-. 
ranging its position, vvhile at the same time it is sufficiently firm 
in the direction of the motion whidi it is inteuded to jirevent. 

In order to place the instrument in a true vertical position, 
a lilumb-liue, made of fine silver wire, is suspended from a 
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small li<«ik at the top of the vertical tul)e w, connected lly braces 
with one of the large pillars. The plumb-line ^passA through 
till angle, in which it rests, and by means of a screw may be 
bi*ought into the axis of the tube. The plummet at the lower 
end of the line is immersed in a cistern of water in order to 
(licckits oscillations, and is supported on a shelf proceeding 
fioin one of the pillars. At the lower end of the tvthe n arc 
fixed two microscopes at right angles to one another, and 
o])|)osite to each is placed a small tube, containing a lucid point. 
The ])lunib-line is then brought into .such a poslti'*n by the 
screws and by altering the suspension of the plumb-line 
itstJf, tJiat the image of die luminous point, like the disc of a 
jilanef, i«> formed on die plumb-line, and accurately bisected by 
it. The \ertical axis is then turned round, and die plumb-line 
examined in some other position. If it still bisects the luminous 
jioint, the instrument is truly vertical; but if it does not, one- 
half of the deviation must be corrected by the screws t7, b, and 
the otlier half by altering the suspension of the line, till the bi- 
.section of the circular image is jxTfect in cicry jiosiliun of the 
histi miient. 

A Cirdi, or a Muial QuadtanU is the name given to 

these jnslrpnieiils when they arc fixed in the plane of the me- 
i\Jian, mul ujHm a wall of stone. When furnished with a good 
telescope, they unite the properties both of a circle and a transit 
instriuneiit. 

General directions for u'ing Circular instruments will be 
found in the Kdmhvrf^h EncijifopndUt^ Art. Astronomy^ vol. 
u, p 7^28 
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INSTOtTTIONS TO THE liINHEU 


Frontispiece, or Ferguson’s Orrery, and Plates No. 1 to IJi 
inelii&ive, to be placed at the cnd.of Vol. I. 

Plates 13 to 17 lnclusi^e, and I’lates 1 to S oi‘tlu'Siip])leiri«'nl, 
at the end of Vol. II. 
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